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LONDON: 
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MDCCCXXXIX. 



ADYEBTISEHENT. 



The Committee appointed by the Royal Societtf to direct the publication of tbe 
Philosophical Tranmctiom, take this opportunity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Society, as I rom repeated 
declarations which have been made in several former Transactions, that the printing 
of them was always, from time to time, the single act of the respective Secretaries 
till the Forty-seventh Volume ; the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recommending the; revival of 
them to some of thrir .Secretaries, when, from the particular circumfitam t s ot their 
aflfairs, the Transactions had happened for any length uf time to be int' rmittrd And 
this seems principally to have t)een done with a view to satisfy the Pul)lic, that their 
usual meetings were then continued, for the improvement of knowledge, and benefit 
of mankind, the great ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society hcing ut late years greatly enlargeti, and their communications 
more numerous, it was thought advisable that a Committee of their members should 
be appointed, to reconsider the papers rwid before them, and select out of them such 
as they should judge most proper for publication in the future Transactions ', which 
was accordingly done upon the 26th of March 1752. And the grounds of their 
ehinoe are, and will oon^ne to be, tbe importance and singularity of the subjects, or 
the aidvantageons manner of treating them ; without pretending to answer for the 
ontainty of the foots, or propriety of the reasonings, contained in the aeveial papers 
so published, wiiidi mnit ttfll real on tiie mdit or judgement of thdr respective 
aatlion. 

It is likewise necessary on this oooainon to remark^ Chat it is an estahUshed rule of 
theSocie^, to whidi tiiqr will always adhere, never to give thdr opinion, as aBody, 




[ ] 



upon any subject, either of Nature or Art, tbat comes before them. And therefore 
the thanks, which are frequently proposed from the Chair, to be given to the authors 
of such papers as are read at their accustomed meetings, or to the persons thnrngb 
whose hands they received them, are to be considered in no other light tbaa M a 
matter of civility, in return for the respect shown to the Society by those communi- 
cations. T\xe like also is to be said with rcji^ard to the several projects, inventions, 
and curiosities of various kinds, wliich arc often exhibited to the Society ; the authors 
whereof, or those who exhibit them, frequently take the liberty to report and even to 
certify in the puhlie newspapers, that they ha%e met with the highest applause and 
approbation. And therefore it is hoped that no regard will hereafter be paid to such 
reports and public noticas ; which in some instances have been too lightly credited, 
to the dishonour of the isociety. 




A list of PnbUe Infldtaticos and IndiTidaBlfl, entitled to receiTe a copy of the 
FUlosephical TnnMUitkNw of cadi year, on naluBf applksatum for the SBno 
directly w throoj^ thdr mpective mwts, witirin five yean of tiie date of pob- 
iication. 



HtktBriMk n am kih H i. 

The Kiog't Library. 

The Atlmirstty LJhrary. 

The Kadclift'e Library, Oxford. 

The Royd Geogniphical BotSety, I 

Tlic United Scrv ice Museum. I 

The Royal CoUcge of E^ysiciaiu. 

The 8ocK(y ut Aadipmnet, 

The Linncan Society. 

Tbe Riqral lastitution of Great Britmn. 

The So^etf for the BncoungeiMBt at AM, 

The Geologic&l SociL-ty. 

The Horticultural Society. 

Tbe Royal Aauonomicai Society. 

The Boyal Aiiatie flodeqr. 

The Royal Society of Litcr.iturc. 

The Medieal and Chirurgical Society. 

The LondM InMHutiaB. 

The Eotomological Society ofT/ondon. 

The Zoological Society of Loiuloii. 

The bmitbte ofBriddi Aidnlceta. 

The Institution uf Civil Engioeera. 

The Cambridge University PliiloMjthicel Soeieiy. 

Tbe Royal Society of Edinburgh. 

The Royal Iri>h Academy. | 

Tlie Royul Dublin Sficicty. . 

The Asiatic Society at Calcutta. 

The Bojnl Artillery Libniry at Woohridi. 

The Royal Ot>scrvatory nt Greeowkih. 

The Observatory at Dublio. 

The Obiervatery at Aimegfa. 

The Observatory at the Cape ofOoed H«pe. 

The ObieiTaiory at Madna. 

The O ljaei i aluijf Ht PSw MwetHi I 

Hie Obaervaiteiry at Bdieberfh. I 

Denmark. I 
The Royal Society of Sciences at Coptohl^gen. 
Tbe Rejral Ob^rvatory at AUooe. 

fivitoCe 

Tlie Boyal Academy ofSdeiMMe at Pteia. 

The Royr.l Academy of Sciences atTh«doMe, 
The ^le des Miocs at Paris. 
11w Oaagiaf hieal Seeiatj •» Facia. 



The EMomological Society of France. 
The Depot de la Marine, Paria. 

The Gcolo^'ical Society of France. 
Tbe Jardin des Plantcii, Paris. 

German]/, 

Tb» Umverai^ at Gfltta^ea. 

The Caesavcan Aeadeai^ of NaMaliiti at Bean. 

The Obaervitery at Manheim. 

Italy. 

Tbe Italian Society of Sciences at Modena. 
Tlie Boyal Aeadeny efSaienece at Turia. 

The SeeiM da Pbye. et dUiai. Nit. at Gentfa. 
BUgmm. 

Tbe R«iy«l Andanj «f Beiwae at B^wida. 
The Beyal loatiuiie of Anutcrdan. 

The Royal Obaenatory at Cadis. 

Portugal, 

The Royal Academy of Sciences at Lisbon. 
The Beyal Aeadeuy ofSdcaeea a* Bailb. 

The Imperial Aeadaoiiy «f BeiMMM at St. Petcn* 

burgb. 

Sweden and Nonfag. 
The Royal Academy of Sciencea at Stockbolm. 
The Boyal Soeiety of ScieiMM at OiwidMMi. 

The AmeriGan FUloBOilhieai Secia^ at Phila- 
delphia. 

The New York Philosophical Sodely. 

The American Academy of Scieaeaa at Boatea. 

The Libaaiy of Harvard CoUq^e. 

The jl^f Faieigii Memhera of Ae Bcfal Seeia^. 
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A List of Ftablie InatitotioDS and IndiTidiialB, entitled to leee&ve • copy of the 
AetroDomical Observations made at the Royal Obserratory at CSfeenwidi, on 
making application for tbe same directly or thnM^ their ictpective agents, within 
two yean of the date of publication. 



Tlip King's Library. 

The Board of Ordnaoee. 

Tba Boyal Society. 

The Savilian Libruj, Ojcfbrd. 

The Library of Trinitjr College, CambtMlge. 

The Kiqg'a Olieemlory at Riebmoud. 

The Royal Observatory at OlMOirfdl. 

The University' of Aberdeen. 

The Univeniiy of St. Andrews. . 

The Univanii^ cIDnUia. 

Tlie Univertity of EdinSur^h. 

The Umvenity of Glasgow. 

Tin OfawTOMrr •* OxfM. 

The Obaervatory at Cambridge! 

The Obeervatory at Dublin. 

Tbe Obaetvaiefjr •! Am^jh. 

The Obiervatory at the Cape of Good Hope. 

The Obnmtorjrat Panmtta. 

The Ohoertrtory at Madna. 

The Royal Institution of Great Brftaim. 

The Royal Society, Edinburgh. 

The Astronomical Institution, Ediobur^. 

The President of the Bognl Soeiely. 

TheLowndes's Professor of AsUonomy.Cambridge. 

The Plumian Profeoor of A«troiioiay,CaiBbridp. 

FuBda Bally, Baq. V.P. ana T^. ILS. 

Thomas Henderson, Eaq. of SdJobaqift. 

John William Lubbock, Esq. 

CiptiiB W. H. Snrth, BJ(. of Badftid. 

Sir f ma Souili, Obaemtair, Keaah^Mi. 



/» Ak^^ CoiMlrMa. 

The Royal Academy «f8eieDMB at Berlin. 
The Royal Academy of Sciences at Paris. 
The Imperial Academy of Sciences at St. Peters- 
burgh. 

The Royal Academy of Sciences at Stockholm. 
The Royal Society of Soeoces at Upeal. 
The lioard of Loogitadeiif FkaMSt 
The University of Gotlingen. 
The University of Lcyden. 
The Aeadamy of Bol^pa. 
The American Academy of Sciences at Boston. 
The Ameriean PhikMNipbieal Socieiy at Phil*. 
ddpUa. 

Thr Library of Harvard Collego. 
The Observaioty at Heltiiigion. 
The Oheerratwy at Allona. 

The Observatory .n Berlin. 

The Observatory at Breslau. 
The Oboemtory at Bnnaeb. 

The Observatory at Cadis. 
The Obaervatory at Coirabra. 
The Observatory at Copenhagen. 
The Observatoiry at Dorpat. 
The Observstory at Konigsberg. 
The Observatory at Manheinu 
The Obserratory at MaraaiUt*. 
The Observatory at Milan. 
The Obaervauny at Munich. 
The Ofaoarraiwy at Merao. 

Tbe Observatory at Paris. 
Tbe Observatory at Secbetg. 
The Obaervatory at Vicaoa. 
The Observatory at Tohlligea. 
Tbe (Hieemlotyat Wilna. 
PtoAaier Besael, of Kunigsberg. 
Dr. William OIIkts, of JSremeta. 
The Depdt de la Marine, Paris. 
The Bowden College, United States. 
Th« WolecviOe CoO^ Vaittd Sl«M. 
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ROYAL HEDALS. 



HER MAJESTY QUEEN VICTORIA, in restoring the Foundalioii 
of tbe Royal Medals, baa been gradoaBly pleased to approve of the 
following regulations for the award of them : 

That <h6 Royal Medab be givea far siieh papers onljr as ham been preieDtcd to 
the Royal Society, and inserted in tbdr Transactioni. 
That the triennial <^fde<tfsat^fects be the same as diatfa^ rii, 

1. Astronnny s Pbysiology, inclnding tbe Nitnral History of Oigaidsed Beings. 

2. Physics J Geok^ and Iffinendegy. 

3. Matheaiadcs; Cbemistiy. 

That, in caseaopsiier, eeofdnf within these sti^slattoiis, shoold be consideied de- 
serving <rf tlie Royal Medal, in anqr given year, tbe Oonnoil have tbe power of 
awarding sndi Medal to tlie anthor of tasy other paper oo cither of the several sub- 
jeets forraing the pyde, that naay liave been presented to tbe Sode^ and inserted 
in tbdr TVaasactions ; prelinencebdng given to the sutijeets of the year imniediately 
preoeding : the award b«ng, in such case* subject to the i^proliation of Her Miy cs^. 

The Oounol propose to give one of the Royal Medals in the year 1840 for the 
most important unpublished . paper in Fhyncs, eommnnicated to the VLoytX Soeiety 
for insertion in their IVansactions after the termination of the Sessimi in June 1897, 
and prior to tbe termination of tbe Session In Jane 1840. 

Tbe Council propose aiso to give one of the Royal Medals in the year 1840 for the 
most importsat unpnbtisbed paper in Geology or Minecalogy, cgaunnnicated to tlie 
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Royal Socktj for iniertion in dieir Traitsaetioiii after the terminatioa of the Sestioo 
in June 1887> and prior to the tenninatioa of the Senion in June 1640. 



TheQNincUpr<qKMetogiveoneof theBojpalMedahinthe year 1^ for the moat 
important nnpnblished paper in Ihbthcmatios, commanicated to the Hofal Society 
for iniertion in tbdrTraniax^ns after the lermlnatl(m of the Semion in Jnne 1888, 
and prior to the tnmination of tite Session in June 1841. 

The Coundl propoaeabo to ^ve one of the Royal Medab in the year 1841 for the 
moit important raipoMished paper in ChemiBtry, commnnicated to tlie Royal Society 
for iniertion in their Tnniactioni after tiie termination of the Seition m June 1888, 
and prior to the termination of the Senion in Jmie 1841 . 

The Coundl propose to give one of the Royal Medab in the year 1848 for the 
meet important uqwUiihed paper in Aitronomy, commanicated to the Ro^ 
Society for insertion in thdr TVanmetioni afi«: the termination of the Senion in 
June 1889,andpriortothetenninationof theSesiionin June 1843. 

Tlie Coundl propoie alio to give one of tiie Royal Medals in the year IS43 for the 
mmt important nnpdbliihed paper In Pbyaiology, ntdnding the Nataeal Hiitocy of 
Oiganiied Beiiigii communicated to the Royal Sodety for inaertionin thdr IVans- 
actioni after the termination of the Seasion In Jane 1830, and prior to the termina- 
tion of the Senion in Jane 1843. 
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Adjudication of the Mbdalb of the Royal SooiaiT for the year 1888 by 
His Royal Hiohvmb the Phbsidsnt and Govmoil. 



The Ri'MPORD Mbdal to Jambs David Forbes, Esq., F.R.S., for his " Experiments 
on the Polarization of Heat," pnbliahed ia the Tiaiuactioiis of the Royal Society of 
Edinburgh. 

A CopLBY Mbdal to Professor K. F. Gauss, Fom. Merab.R.S^ for bis '* loTeotioiiB 
and Mathematical Reseacches on Magmetisni." 

Another Coplbt Mbdal to Michabl Faraday, £iq.» D.CJ«.»FJLS., for his Re* 
aearefaes on Spedfie Electrical iDdnction." 

Hie RovAL Midair in the department of Cbemiitiy, to Thomas €buBAM, Esq., 

M.A., F.R.S., for his paper entitled " Inquiries rttspccting the Constitution of Salts, 
of Oxalates, Niti-ates, Phosphates, Sulphates, mul Chlorides," published in the Phi- 
losophical Tiranaactions for 1836. 

The Royal Mbdal, in the department of Mathematics, to William Hbnry Fox 
Talbot, Esq., F.R.S., for his papers entitled " Researches in the Integral Calcolns," 
published in the Philosophical Transactions for 1836 and 1837. 
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PHILOSOPHICAL TRANSACTIONS. 



I. Experimental Re$aarekes iu Electridty. — Flfleenik Series. 
Bif MiCHAKL Fakadav, Btq^y D.CX. F,ILS. FUUerUm Pn/. Chan, Roj/ul hutU 
tuiion, Corr. Memb. Rojfol and Imp. Acadd. of Sdencei^ Pariit P^enhnrght 
Fhrence, Capenhagent BerUn, Ooltingen, Modena, Stockholm, ^c, ^c. 

IUed««d NovenliM' IS.— Read December 6. 18*8. 

^ 23. Notice of the vharactar and direction the electric farce cf the Gynmotus. 

1 749. Wonderful as are the laws and phenomena of eleclricity when made 
evident to us in inorgrmir or dc.id matter, tlicir intciT<!t can hear scarcely any com- 
par)§on with that which atlaclies to the same force when connected with the uervoti*: 
system and with lite; and though tlie obscurity which for the present surroundsi the 
•abjeefmay for tbe time abo veil its importance, every advance in onr knowledge of 
tliis mighty power in relation to inert things, helps to dissipate that obscurity, and to 
net forth more prominently the surpa«isln^ interest of this very hip^h hraneh of Phy- 
sical Ptiilo'sophy. We are indeed hut upon the threshold of what we may, without 
presumptiuu, believe man is permitted to know of tiiis matter ; and the many eminent 
pbilosophers who have aamstcd in making this subject Itnown, hare, as is very evident 
in their writings, felt ap to the latest moment that soch is the case. 

1750. The existence of animals able to give the same conenssion to the living sy- 
stem a«i the electrical machine, the voltaic battery, and the thufuUr storm, being with 
their habits made known to us by Richer, S'Gravesendk, Firmin, Walsh, Humboldt, 
&c. &c., it became of growing importance to identify tbe living power which they 
possess, with ttiat which man can call into action from inert matter, and by him 
named electricity (265. 351.). With tlie Torpedo this has been doiu' to perfection, 
and the dhcction of the current of force determined by tlie iiniteil and snccessivc 
lalKHirs of Walsu*, CAVSNDisu-t-, Galvani^;, Gardim^, Humboldt and Gay- 



• FUIdMlildMl TcUMCtim*. 177S. p. 481. 

; Aldin'i'3 Efiti ear la GihniiB, B. 81. 
MDCCCXXXIX. 



t Ibid. 1776, ]k 188. 

i DeDeetrici ignkNirtn, (. 71. Mnta*, 1798. 
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3 DB. FARADAT*8 BXPERIMBNTAL RB8BARCHB8 IN ELEGTRICITT. (SERIES ZV.) 



LusBAC*, ToDDf', Sir Hvmphiiv Daw;};, Dr. Davv%, Bcc4iUKRBL||t and Mat- 

17iil- Tlie Gymnotus lias also been expert men ted with for the snme purpose, and 
the investigations of Williamson ••, GAitDKN-j-f-, MrMBni,i)T||. Faulbkrg^ and 
(iUisanIIII, have gone very far in showing the identity of the eieclric force in this 
animal with the electricity excited by ordinary means » and the two latter philosophers 
have even obtained the spark. 

1/52. As an aniuial fitted for the farther investigation of this refined branch of 
science, the Gyninotns stt rns, in certain respects, better adapted than the Torjiedo, 
especially (as Humboldt has remarked) in its power of bearing confinement, and 
capability of being preserved alive and in healtli for a long period. A Gymnotvs has 
been kept for several months in activity, whereas Dr. Davy conld not preserve Tor- 
|)edos above twelve or fifteen days; and Matteocci Was not able out of 1 16 snch 
fish to keep one living above three days, though every circumstance fav<»tn-able to 
tbeir preservation was attonfled to^^. To obtain Gymnoti has therefore been a matter 
of consequence ; and being stimulated, as much as I was honoured, by very kind 
communications from Baron HumoLur, I In tbe year 1835 applied to the Ck»lonial 
Office, where I was promised every assistance in procuring some of these fishes, and 
continually expect to reteivL' either news of them or the animals themselves. 

1753. Since that time Sir EvERAnn Home has also moved a friend to send some 
(tynmoti over, wliich are to be consigned to Hit> Royal Higlmess our late President ; 
and other gentlemen are also engaged hi the same work. This spirit induces me to 
insert in the present commnnication that part of the letter from Baron Huhbouw 
which I received as an answer to my inquiry of how they were best to be conveyed 
across the Atlantic. He says, " The Oj'nvnotus, which i? common in the Llanos de 
Caracas (near Calaboso), in all the small rivera which flow into tbe Orinoco, in En- 
glish, French or Dutch Guiana, is not of difficult transportation. We lost them so 
soon at Faris because th^ were too much fatigued (by expeximcuts) Immediately 
after their arrival. MM. Norderling and Fahlbbbo retained them alive at Plaris 
nlinvi' four Tnoriths. I would advise tliat they be transported from Surinam (from 
Essequiho, Demerara, Cayenne) in summer, for the {iymnotus in its native country 
lives in water of 26" centigrade (or 77 Fahr.). Some arc live feet in length, but I 
would advise that snch as are about twenty^seven or twenty-eight inches in length be 
chosen, nieir power varies with their food, and their state of rest. Having but a 
small stomach they cat little and often, thtar food being cooked mealy not taludf 



* Amudci de Chinue, ziv. 15. 

* Ibid. 1829, p. 15. 

I TaiU i» V&LettnxM. it. 264. 

*• FUiowplual TYuuMfioiu, 1775, p. 94. 
iX Pcnonal Narrative, chap. riii. 

II De Qjmaaba Bkctrigo. TUiiBfln, 1819. 



t PhiloMpliieai IViimetloiiB, ISlS, f. 190. 

$ Ibid. 1832, p. 259; and lSo4, p. 531. 

% fiiblioth^ue Uatvemlle, 1837, toa. xii. 16S. 

tt Ibid. 1775. p. lOa. 

Swedish IVoBMCtioiM, l&il, pp. ISS. 156. 
%% BUiUoOt^ue Univcn^ 1837. xiL p. 174. 
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THE OTlfNOTUS BXPBBtMENTSD WITH :— COLLECTORS EHPLOYBD. 3 



small fisli, or even breuii. Triul sliould be uiude of tbeii- stt-€Dgth uud tlie lU kind 
of aourialinient before they are shipped, and those fish only selected already accns- 
tomed to their prison. I retained them in a Itox or trough about four feet long, and 
sixteen inches wide and deep. The water must be fresh, and be changed every three 
or four days : the fish must not hf prevented from coming to the surface, for they 
like to swallow air. A net should be put over and round the trougii, for tlie Gyni- 
notus often springs out of the water. These are all the dii-ections that I can give you. 
It is, hovever, important that the animal should not be tormented or fiitigued, for it 
becomes exhausted by frequent electrio explosions. Several Gymnoti may be'retalned 
in the same trough." 

1/54. A Gyninotus has lately been brought to this country by Mr. Porter, and 
purchased by the proprietors of the Gallery in Adelaide Street : they immediately 
most liberally offered me the liberty of experimenting with the fish for scientific pur- 
poses ; they placed it for the time exdnmvely at my disposal, that (in accordance 
with IlrMBOLDTs directions (1/53.)) its powers miylit not be impaired: only desiring 
me to have a re-rurd for its life and health. I was not slow to take advantajre of their 
wish to forward the interests of science, and with many thanks accepted their offer. 
With this Gymnotus, having the kind assistance of Mr. Bbaolby of the Gallery, 
Mr. Gassiot, and oceaidonally other gentlemen, as Proftsssors Damibui, Owbn and 
Wheatstone, I have obtained every proof of th6 identity of its power with common 
electricity (205. 351, &c.). All of these had been obtained before with the Torpedo 
(I750.), and some, as the sbocli, circuit, and spark (1/61.;, with the Gymnotus; 
bat still I think a brief acoomit of the results %rill be acceptdile to the Royal So- 
ciety, and I give them as necessary preliminary experiments to the investigations 
which we may hope to institute when the expected (supply of animals arrives (1752.). 

1755. The fish is forty inches lon<^. It was cauf^ht about March 1838 ; was brought 
to the Oallery on the 16th of Avit^ust, l)ut did not feed from tlie time of it<5 capture 
up lo the lOtli of October. From tlie 24th of August Mr. Ukaulky nightly put some 
blood into the water, which was changed for fresh water next morning, and in this 
way the animal perhaps obtdned some nourishment. On the 10th of October It kilhxi 
and cat four small fish ; since then the blowl has been discontinued, and the animal 
has been iiriprovin^ ever since, consuming upon an average one fish daily*. 

1756. 1 first experimented with it on the 3rd of September, when it \v as apparently 
languid, but gave strong shocks when the hands were fovonrably di^(>osed on the 
body (1760. 1773, &c.). The «»cperiments were made on four diflferent days, allowing 
periods of rest from a month to a week between each. His health seemed to improve 
continually, and it was during this period, ttetween the third and fourth days of ex« 
peri men t, that he began to eat. 

1757. fiesidu the hands two kinds of collectors were used. The one sort consisted 
each of a copper rod fifteen inches long, having a copper disc one inch and a half in 
diameter biaxed. to one extremity, and a copper cylinder to serve as a handle, with 

* Tlw idt eaten ircrc gudgcona. eaip, uuLpciidk. 
b2 
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large coutact to the hand, hxcd tu tlie ullier, the rod from the disc upwurds hciag well 
covered with a thick Gttootchouc tube to insulate that part from the water. By the*e 
the states of particnlor parts of the fish whilst to the water conld be ascertained. 

17^8. The other kind of collectors were intended to meet tlie difficulty prcisented 
by tfic" roll) plot (' immersion of t fie fish in water ; for ovcti w hen obtaininj'' tfie spark itself 
I did not think myself jubtiticd in asking for the removal of the animal into air. A 
plate of copper eight inches long by two iachea and a half wide, was bent into a saddle 
shape, that it might pass over the fish, and inclose a certsun extent of the back and 
sides, and a thick copper wire was braxed to it, to convey the electi ic furci- to the 
experimental appiirritns; n jticket of sheet caoutchouc was put over tlie cuddle, tlie 
edges piojeeting at lli*: IjoITomi hikI the ends ; the ends were made to eonverg^e so us 
to fit ia sutnc degree ttje body of the fish, and the buttom edges were mude to spring 
against any borisontal surface on which the saddles were placed. The part oi the 
wire liable to be in the water was covered with caoatchouc. 

1759. These conductors being put over the fish, collected power sufficient to pi"o- 
duce many elccfrie effects ; l)ut when, as in obtaining the spark, even' possible ad- 
vantage was needful, then glass phite« wei'e placed ut the buttom of the water, and 
the fish being over them, the conduetocs were put over it until the lower caoutchouc 
edges rested on the g^ass, so that the part of the animal within the caontchonc was 
thus almost as well insulated as if the Gyranotus had lioen in the air. 

1760. S/iocfr. The shock of this animal was very powerful when the hands were 
placed in a favourable position, i. e. one on the body near the bcad> and the other 
near the tail ; the nearer the hands were together within certain limits the less pow> 
erful was the shock. The disc conductors (1 767.) conveyed the shock very well when 
the hands were wetted and applied in close contact with tlie cylindrical handles; but 
scarcely at all if the handles were held iu the dry hands in an ordinary way. 

1761. Galrmrnjnetrr. I'sin^j the buddle condurtors (17.')8.) aiv]>lied to the anterior 
and posterior partss ot the Gyauiutus, a gaUaaouieter was reachly aticcted. It 
was not particularly delicate ; for sine and platina plates on tlie upper and lower 
surface of the tongue did not cause a permanent deflection of more than 25* i yet 
when the fish gave a powerful discharge the deflection was i\» much as 30°, and in 
one ease even 40°. Tfie deflection was constantly in a qfiven direction, the electric 
current tjt uig: always from the anterior parts of the animal through the galvanometer 
wire to the posterior parts. The former were therefore for the time externally posi- 
tive, and the latter negative. 

1763. il/afttifg a Mflgnef. When a little helix containing twokty-two feet of silked 
wire wound on a qnill was put ititt> the circnif, and an annealed steel needle pliiccd 
ill the lielix, the needle become a magnet, and the diivction of its polarity in every 
case indicated a current from the anterior to the posterior parts of the Gymnotos 
through the conductors used. 

1763* Chemical decomposition. Polar decomposition of a solution of iodide of po- 
tasnum was easily obtained. Three or four folds of paper moistened in the solution 
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(322.) were placed between a platina plate imd the end of a wire alio of platina, these 
being respectively conaected with tlie two saddle condactors (17&8.). Whenever the 

wire was in cunjunction with the conductor at the fure part of tht- Gyinnotus, iodine 
appeared at its extremity; but when connected wnth the other conductor none was 
evoived at tlie place on ttie paper where it betore appeared. So that here u|^un the 
direction of the current proved to be the same as that given by the Turnier te^its. 

1764. By this test I compared the middle part of the fish with otiier portions before 
and behind it, and fonnd that the conductor A, which being applied to the middle 
was ncg;ativf to the conductor B applied to tlie anterior parts, was, on the contrary, 
positive to it wlien B was applied to places near the tail. Sn that within certain limits 
the condition of the tisb externally at the time of the shock appears to be i>uch, that 
any given part is native to other parts anterior to it, and positive to soi^h as are 
behind it. 

1/65. Bvolution 0/ heat. Using a HAaatii*S tbenno-electromeier beIongin;r to Mr. 
Gassiot, we thought we were able in one case, namely, that when the delleetion of 
the galvanometer was 40° (I76l0» observe a teeble elevation of temperature. I 
was not observing the instmment myself, and one of those who at first believed 
thqr saw the eSect now doubts the result*. 

1766. Ajporft. The electric spark wasobtairied thus. A good magneto-electric coil, 
with a core of soft iron wire, had one extremity made fast to the end of one of the 
saddle collectors (1758.), and tin; otlier fixed to a new steel file; another file was 
made fast to the end of the other collector. One person then rubbed tlie point of one 
of these files over the face of the other, whilst another person put the oollectors over 
the fish, and endeavoured to excite it to action. By the friction of the files contact 
was made and broken very freqaently; and the object was to catch the moment of 
the current through the wire and helix, and by brealcing contact during ike cufreat 
to make the electricity sensible as a spark. 

1767. The spark was obtained four times, and nearly all wlio were present saw it. 
That it was not doe to the mere attriUon of the two piles was shown by its not oc- 
curring when the files were nibbed together, independently of the animal. Since then 
I have substituted for the lower file a revolving steel plate, cut file fiisliioii 011 it.s face, 
and tor the upper file wires of iron, copper und silver, with all of which the spark was 
obtained -f'. 

176a. Snch were the general electric phenomena obtained from this Gymnotus 
winlst livini,^ and active in bis native element. On several occasions many of them 

were obtained together; tlius a magnet was made, the galvanometer deflected, ^nd 
perhaps a wire heated, by oue single discbarge of the electric force of the animal. 

* In maxe recent expcrimcnU of the Munc kiud wc could nut obtain the effect 
At m liter nectiiig. at which attcmpta were made to cause the attraction of gold leave*, the spark wat ob. 
MlMd dinellf betwMiu txei mnh c n , the tiuluctive coil (1 766.) being removed, and only thoit wixca .by vuia. 
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1 7^50. I think a few further but brief details of experimrnfs relating to the quantity 
auU disposition of the electricity in and about thU wondctt'ui animal will not be out 
of place ID this short account of ii8 powers. 

1770. When th« shock is strong, it \a like that of a lat!ge Lcfden iNittery charfed 
to a low degree, or that of a good voltaic battery of perhaps mie hundred or more pair 
of plates, of which the circuit is completed for a moment only. I endeavoured to 
form some idea of the qnanfiftf of electricity by connecting n ]nrge Leyden battery 
(291.) with two brass b&ih, above three inches in diameter, placed seven inches 
apart in a tub of water, so that they might represent the part* of the Gymnotos to 
which the collectors bad been applied ; but to lower the intenri^ of the discharge, 
eight inches in kngtli of sixnftild tfaldc Wetted string were interposed elsewhere in the 
circuit, this being found necessaiy to prevent the easy occurrence of the spark at the 
ends of tiie collectors (1758.), when they were applied in the water near to the balls, 
as they had been before to the fish. Being thus arranged, wheo the battery was 
strongly chai^ged and discharged, and the hands pot into the water near the balls, a 
shock was felt, nrach resembling that from the fish ; and though the experiments have 
no pretension to nrctirac}', yet as tlie tension could be in some degree imitated by re- 
ference to the n)ore or less ready prodnctiou of a spark, and after lliat the shock be 
used to indicate whether the quantity was about the same, I think we may conclude 
that a single mediaro discharge of the fish is at least equal to the electricity of a 
Leyden battery of ifteen jan, oontalnii^ 9500 square inches of glass coated on both 
sides, charged to its highest degree (291.). This conclusion respecting the great 
quantity of elertririty in a single Gytrmotus shock, is in perfect accortJanee with the 
degree of deflection which it can produce in a galranometer needle (36/. 860. 1/61-), 
and also with the amonnt of chemical deoomposition prodaced (374. 8<H>. 17t>3.) in 
the electrolysing experiments. 

1771- Great as is the force in a single discharge, the Gymnotus, an Humboldt de- 
scribes, and as I have frequently experienced, givei^ a double and even a triple slioek ; 
and this capability of immediately repeating the ellect with searccly a sensible interval 
of time, is very important in the considerations which must arise hereafter respecting 
the origin and excitement of the power in the animal. Waisb, Huhbouit, Gay 
LvsMO, and M Airavcci have remarked the same thing of the Torpedo, bat in a fiir 
more striking degree. 

1772- As, at the moment when tlie fish wills tiic shock, tlie anterior parts are posi- 
tive and the posterior parts negative, it maybe concluded that there is a current from 
the|brmer to the latter through every part of the water which surrounds the animal, 
to a considerable distance from its body. Hie shock which is felt, therefore, when 
the hands are in the most favourable position, is tlic clTeet of a very small portion only 
of fill' electricity which the animal discharges at the inomenf, i)y far the largest por- 
tion passing through the surrounding >vater. This enormous external current must 
be accompanied by some efltet within the fish equimlent to a current, the dbeotlon 
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of wbieb is from the tidl towards die head, and equal to the sum <tf att Ifteie external 

forces. Whether the process of evoliring or exciting the electricity within the fish 
includes the production of this internal current (which ntn d not of necessity be as 
quick and momentary as the external one), we cannot at present say; but at the time 
of tiie hiiock the animal does not appafently feel the electric seu&atiou which he causes 
in those aroaad him. 

1773. By the hdp of the aocompanying diagram I will state a few eKperimental 
results which Illustrate the current around the fish, and show the cause of the dif- 
ference in chamcter of the shock occasioned by the various ways in which the person 
is connected with the animal, or his position altered with respect to it. The large circle 
represents the tab in wbicb the animal la cmifinsd ; its Aameter la forty-six inches, 
and the depth of water in it three inches and a half; it is supported on dry wooden 
legs. The figures represent the places where the bands or the disc conductors ( ] 757.) 
were applied, and where they are close to the figTirc of the animal, it implies that 
contact with the fish was made. I will designate different persons by A, B, C, &c., A 
being the person who excited the hah to action. 




1774. When one hand was in the water the shock was felt in that hand only, what- 
ever part of the fish it was ap|died to; it was not very strong, and was only in the 
part immersed in the water. When the band and part of the arm was in, the shock 
was fdt in all the parts immersed. 
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]77^> When both hands were in the water at the same part of the fish, still the 
shock was romparatively weak, and only in the part*^ iriiiiierse<L If the liaruls were 
on opposite sides, as at J, i?, or at :t, 4, or 5, 6, or if one was above and the t)flier 
i)eiou' at the same part, the eflect was the same. When the disc collectors were used 
in these pwitions no effect wbb felt by the person holding them, (and this correspondt 
with the obflervBtion of GaV'Lusmc on Torpedot*,) whi1«t other persons, with both 
hands in at a distance from tlic (ish, felt considerable shoclcs. 

177G. ^Vhen botli hands or the t\Uc collectors were applied at places separated by 
a part of the length of the animal, as at 1, 3, or 4, 6, or 3, C, then strong shocks ex- 
tending up the arms, and even to the breast of the experimenter, occurred, though 
another person with a single hand in at any of these places, felt comparatively little. 
The shock could be obtained at parts very near the tail, as at 8, 9< I think it was 
Rtrnnpe«t at ahont 1 anri 8. As the hands were, brought neai-er tojifether the elTect 
diminished, until being in tiie same cross plane, It was, as before described, only sen- 
sible in the parts immersed (I77^-)* 

1777. B placed his bands at 10, II, at least four incties from the fish, whilst A 
toQched the animal with a glass rod to excite it to action ; B qnickly received a 
powerful shock. In annffier experimeni of a similar kind, as respect-s the noii-ncces- 
sityof toueliinij: tlic tish, several person*? received sliocks independently of eaeh other; 
thus A was at 4, 6; B at 10, II; C at 16, 17 ; nrul D at 18, 19; all were shocked at 
once, A and B very strongly, C and D feebly. It is very useful, whilst experimenting 
with the galvanometer or other instrnmental arrangements, for one person to keep his 
bands in the water at a moderate distance from the animal, that he may know and 
give information when a diseharfre lias taken i)lace. 

1778. Wlieii n had hotli hands at 10, 11, or at 11, whilst A had hut one hand 
at 1, or A, or (i, the former felt a strong shock, whilst the hitter had but a weak one, 
though in contact with the fish. Or if A had both liands in at I, a, or 3, 4, or 6, 6, 
the effieet was the same. 

1779. If A had the hands at 3, 5, D at 14, 15, and C at 16, 17, A received the most 
powerful shock, B the next powerful, and C the feeblest. 

1/80. When A excited the (iymnotus by his hands at 8, 9, whilst B was at 10, 1 1, 
the latter had a mnch stronger shock than the former, though the former touched 
and excited the animal. 

1781. A excited the fish by one hand at 3, whilst B had both hands at 10, II (or 
aloii^), and C had the hands at 12, 13 (or across) ; A had the pHekin:,' shock in the 
immersed hand only (1774.) ; li had a strong shock up the arms ; C felt but a slight 
effect in the immersed parts. 

1703. The eAperimenis I have just described are of such a nature as to require 
many repetitions before the general results drawn from them can be considered as 
jsstablishcd ; nor do I pretend to say that they arc anything more than indications of 

• Anniles de Chinie, xiv. p. 18. 
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the direction of tlie force. It is not at all impoaBtble that the fish may have the power 

of throwing each of its four eli ctric organs separately into action, and so to a certain 
degree direct the shock, i. f . lie may have the capaltifity of causing the electric- ctirrent 
to emanate from cmc. side, and at the same time bring the ottier side of liis hodv into 
such a condition, that it shall be as a non-conductor in that direction. But I ilnnk 
the appearances and resalti are such as to forbid the supposition, that he has any con. 
trol over the direction of the currents after they have entered the fluid and sobstanoes 
around him. 

1783. The statements also have reference tn the fish when in a straif^ht form ; if it 
assume a bent shape, then the lines of force around it vary in their intensity in a 
manner tbat maybe anticipated theoretically. Thus if the hands were applied at 1, 7> 
a feebler shock in the arms would be expected if the animal were curved with that 
side inwards, than if it were straight, because the distance between the parts would 
be diminished, and tlic interveninpr water tlierefore conduct more of the force. But 
with ro<<pcct to the parts immersed, or to animals, as tish in then-afer between 1 and 7» 
they would be more powerfully, instead of less powerfully, shocked. 

1764. It is evident from all the experiments, as well as from simple considerations, 
that all the water and all the conducting matter around the fish through which a 
discharge circuit can in any way be completed, is filled at the moment with circu- 
latint: electiic power; and this state might be easily represented generally in a dia- 
gram by drawing the lines of inductive action (1231. 1304. 1338.) upon it: in the 
ease of a Gyronotus, surrounded equally in all directions by water, these would re- 
aemble generally, in disposition, the magnetic curves of a magnet, having ibe same 
straight or curved shape as the animal, i. e. provided he, in such cases, employed, 
as may be eipected, his four electric oi^ians at once. 



17S5. This Gymnotns can stun and kill fish which are in very various portions to 
its own body; but on one day when I saw it eat, its action seemed to me to be pe- 
culiar. A live fish about five inches in length, caught not half a minute before, was 
dropped into the tub. The Gymnotns instantly turned round in such a manner as 
to form a coil inclosing the fish, the latter representing u diameter across it; a shock 
passed, and there in an instant was the fish struck motionless, as if by lightning, in 
the midst of the waters, its ride floating to the light. The Gymnotus made a turn 
or two to look for its prey, which having found he bolted, and then went searching 
about for more. A second smaller fish was given him, which being hurt in the con- 
veyance, showed but little signs of life, and this he swallowed at once, apparently 
without shocking it. The coiling of the Gymnotus round its prcy had, in this case, 
every appearance of being intentional on its part, to increase the force of the shock, 
and the action is evidently exceedingly well suited for that purpose (1783.), being 
in full accordance with the well-ltnown laws of the discharge of currents in masses of 

iincccxxxix. c ' 
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conducting matter; and thou^^Ii the fish may not alwayi put this artifice in practice, 
it is very probable he is awai t! of its advantag-c, and may resort to it in cases of need. 

1786, Living as this animiil does in the midst of such a ^ood conductor as water, 
the first thoughts are thoughts of surprise that it can .scnsihly electrify anything, but 
a little ccHUideFatioii aoon makea one consciooi of many points of great beauty, iilua- 
trating the wisdom of tim whole arrangement. That the very eonducting power which 
the water has ; that which it gives to the moistened sk'iu of the fish or animal to be 
struck ; the extent of surface by which the fish and the water condiirfing the churgt; 
to it are in contact} all cooduce to favour and increase the shock upon the doomed 
ammal, and are in the moat perfiect contnet with the ineiiment atate of tbin^ which 
would exist if the Gymnotus and the fish were surroanded by drj and at the same 
time that the power is one of low intensity, so that a dry sicin wartls it olf, though a 
moist one conducts it ): so is it one f'f jrrvpit quantify fl770.), that though 

the surroTinding' water does conduct away much, enough to produce a f ull etFect may 
take its course tliruugh the body of the fish tliat is to be cauglit for food^ ur the 
enemy timt is to be conqaered. 

1787* Another remaricable result of the relation of the Gymnotns and its prey to 
the medium around them is, that the larger the fish to he killed or stunned, the greater 
will be the sliock to » liich it is subject, thoug^h the Gymnotus may exert only an equal 
power i for the large fish has passing through its body those currents of electricity, 
which, in the case of a smaner otie, wonld have been oonveyed harmless by the water 
atitsddes. 

1788. The Gymnotns appears to be sensible when he has shocked ananimal, being 
made conscious of it, probably, by the mechanical impulse he receives, ratise<l by the 
spasms into wliich it is thrown. When 1 touched him with ray hands, he gave me 
sliock after shock ; but when I touched him with glass rods, or the insulated con- 
ductors, he gave one or two shoclcs, felt by others having thdr hands in at a distance, 
but tlien ceased to exert the influence, as if made aware it had not the derired effect. 
Again, when he has been touched with the conductors several times, for experiments 
on the galvanometer or otlier apparatus, and appears to be languid or indifferenr, and 
not willing to give shocks, yet being touched by the hands, they, by convulsive mo- 
tion, Imve informed liim that a sensitive thing was present, and be has quickly shown 
his power and bis willingness to astonish the experimenter. 



178U. It has been remarked by Gboffboy St. Hiuure, that the electric organs of 
the Torpedo, Gymnotus, and nmilar fishes, cannot lie considered as essentially con- 
nected with those which are of high and db«ct importance to the life of the animal, 

but to belong rather to the common teguments ; and it has also been foand ftat such 
Torpedos as have been deprived of the use of tlieir peculiar organs, have continued 
the functions of life quite as well as those in which they were allowed to remain. 
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Thct^nith other eoaatdnatioiis^ lead me to look at these parts with a hope that thqr 
may upon doae inTestigatlon prove to be a species <tf natural apparatas, by means of 
which wc may apply the principles of aOUm and re-aeHom in the investigatioR of the 

nature of i he vrrrous' injluence. 

1790. 1 iie anatomical relation of the nervous system to the electric organ ; the 
evident cxhauadon of the nervom energy during the prodoi^on of electrid^ lA that 
oigan; the apparently equivalmt productioa of dectriclty in prtqiortion to the quan- 
tity of nervous force consomed ; the constant direction of the current produced, 
with its relation to what we may hcWavc io be nn cqdally constant direction of the 
nervous energy thrown into action at the same time ; all induce me to believe, that it 
is not impossible but that, on passing electricity per force through the organ, a re- 
action back npon the nervous system belonging to it might take place, and tliat a 
restoration, to a greater or smaller d^^ree, of that which the animal expends in the 
act of exciting; a current, might porliap?? be ettected. We have the anal oj^y in relation 
to heat and mag^iietism. >Skkhkck taught us how to commute heat into electricity; 
and Pbltier has more lately given us the strict converse of thiij, and shown us bow 
to convert the eleotridty into beat, inoloding both its relation of hot and cold. 
Oaasmn showed how we were to convert electric into magnetic forces, and I Imd the 
delight of adding tf r <,rher member of the full relation, by reacting back again and 
convertin<7 Tuagnetic into electric forces. So jicrhaps in lliese organs, where nature 
has provided the apparatus by mean:^ of which the aiiimal can exert and convert ner- 
vons into electric force, we may be able, possessing in that point of view a power fkr 
bqrond that of the fiafa itaetf, to re-convert the dcctrio into the nervous force. 

1791. This may seem to some a very wild notion, as assuming that the nervous 
power is in some degree analogous to such powei"s as heat, electricity, and magnetbm. 
I am only assuming it, however, as u reason for making certain experiments, which, 
according as they give positive or negative result^t, will regulate further expectation. 

with respect to the natare of nervous power, that exertion of it wtiioh is con* 
v^red along the nerves to the various organs which they excite into action, is not 
the direct principle of Uff ; and therefore I see no natural reason why we should 
not be allowed in i t rtuin cases to determine as well as observe its course. Many 
philosophers think the power is electricity. Priestley put forth this view in 1774 in 
a very striking and distinct form, both as regards ordinary animals and tlioee wliich 
are eleetriiv Uke the Torpedo*. Dr. Wilson Pbiup considers that the agmt in cer* 
tain nerves is dectricily modified by vital actioni*. Mattiucci thinks tliat the nervous 

* Prib»ti.bt on Air, vol. i. p. 277. Edition of 1774. 

t Dr. WiLaoM Pmur i* of opinion, that the ncrren which excite tbe nuadM ftnd effect the chwniwil cfaimgn 
of villi AdKtiou. openttG by the electric power supplied hy the Imb •ad apbil mainnr, in It* elftetB, 
modified bf the vital powen of the living animal; because he found, as he informs me, as early a» 1815, thut 
while the vital powen icaain, all these functions can be as veil perfonned by voltaic clectnci^ after the le- 
nwfilorflieiierTOiufaifliieBce. u by that influence itself ; and in tbe end of that year he pKiartad • paper to 
the Royal Society, which ynm lead «t OM of tiuir atMtiaDft, iMbB » •acoont d tb* VKgnAomlbt OB irfaieh 
^ poaitioa vnaa foonded. 
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fluid or energy, in tbe nerves belonging to the electric organ at least, is deotridty*. 
MM. Prbvost and Dvmas are uf opinion tbat dectrfidty moves in tbe nerves be- 
longing to the muscles; and M. Prevost adduces a bcaxitiful experinunt, in which 
steel was magnetized, in proof of this view ; M'hich, if it should be confirmed by further 
observation and by other philuiiuphers, is of tbe utmost consequence to the progress 
of this bigh branch of knowledge -f-. Nov thongh I am not as yet convinced by the 
•fkcts tbat the nervous fluid is only electricity, still I thinic that the agent in tbe ner^ 
vons 83f^em may bean inorganic force; and if therp be reasons for supposing that 
magnetism is a higher relation of force tlum electricity (1664. 1731. 1/34.), so it 
may well be imagined, that the nervous power may be of a still more exalted cha- 
racter, and yet within the nacfa of experim^. 

1793. The kind of experiment I am bold enough to suggest is as follows. If a 
Gymnotua or Torpedo has been fatigued by frequent exertion of the electric organs, 
would the scndimr "f rurrents of similar forte to those lie emits, or of other degrees 
of force, either tuntinuously or intcrmittingly in the same direction as those he sends 
forth, reiitorc him his powers and btreugth luore rapidly than if he were left to his na- 
tural repose? 

1793. Would sending currents through in the contnuy direction exhaust the animal 

rapidly? There is, I think, reason to believe that the Torpedo (and perhaps the 
Gymnotus) is not much disturbed or excited by electric currents sent ordy through 
the electric organ ; so that these experiments do not appear very dilhcult to make. 

1794. The disposition of the organs in the Torpedo suggest still further experiments 
on the same principle. Thus when a current is sent in the nataml direction, L e. 
from below upwards through the organ on one side of the fish, will it excite the organ 
on the other side into action? or if sent through in the contrary direction, will it 
produce the same or any edeet on that organ f Will it d«j so if the nerves proceeding 
to the organ or organs be tied ? and will it do so after the animal has been so far ex- 
hausted by previous shocks as to l»e unable to throw the organ into action in any, or 
in a similar, degree of his own will ? 

1795. Such are some of the experiments which the conformation and relation of 
the electric organs of these fishes suggpst, as being rational in their performance, and 
promising in anticipation. Others may not think of them as I du ; but 1 can only 
say for myself, tbat were tbe means in my power, they are the very first tbat I would 
make. 

• aWMbvm'Wmaih, 18tr» tm. zii. 199. f IbU, 1897, xii. 90«! xiv. 900. 

Rojfal Inaiihttionf 
Nwmber 9tht 1838. 
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II. Oh the AppUcatton of ike Qmverskm tManAta md Nitrates into Chloridett 
and ef Ckhrides into yitratet, to the dUemunntion t^sevtral eguioakni manbav. 
FhBDBBiCK Fbmny, Etq. Ommumcated H. Hbnmbll, E$q. F,R»S. 

Keceifed Jmuy 17,— Rod Jamuy U. 1889. 

1. TlIC folloMripg rescarclwi originated from some experiments which were 

undertaken to discover an improved method for ascertaining the quantity of nitrate 
of pntassn fxistinir in crude saltpetre. After several unsuccessful attempts the action 
uf hydiochloi ie acid was tried. Tbe fact, that nitrates are decomposed by this acid, 
has been long known; but the nature of the resulting compound of potassium has 
not, so &r as I am aware, been hitherto determined. I anticipated that the nltnate 
would be decomposed into chloride of potassium. To decide tbe question some pure 
nitrate of potassa was mixed with hydrochloric acid, and the mixture heated ; wliile 
at common temperatures no perceptible action occurs, but immediately the acid l>e- 
euiiies hut, decomposition commences. Chlorine and nitrous acid are evolved with 
COITUS ^rvescenee, and the nitrate slowly disappears. The solutioa was gradually 
evaporated to dryness, and the dry salt treated with an additiorol qnantitjr of acid 
until decomposition wa<5 no longer evident. The resulting salt was then carefatly 
examined, and it wa-s found to be pure chloride of potassium. This cxjM'rimpnt was 
repeated several times, and all the results concurred iu satisfactorily cstabli.stiiag tlie 
foct, that nitrate of potassa may be perfectly converted into dhloride of potassium, 
provided a snfficient quantity o( the acid be employed, and the temperature neces> 
sary to effect the decomposition be properly regulated. 

'2 Sn f ir the decomposition was admirably adapted for the object mentioned at 
ttie cotntnenceaient. The usual impurities, such as chlorides, sulphates, silica, &c. 
which any sample of crude saltpetre might contain, M'ould obviously remain an- 
cbanged, while the nitrate of potassa alone snffisring decomposition, its quantity 
could easily be ascertained, by comparing the weight of the rcsultii^ salt with that 
obtained from a known quantity of aljsoiutely pure nitrate. Several experiments 
were therefore performed to determine the exact quantity of cliloride of potassium 
corresponding to a known weight of nitrate. The mean result of four experiments 
gave tbe nUo of 1 00 of nitrate to 73730 chloride. I was then naturally led to com- 
pare this resolt with the equivalent numbers of these two compounds. In this country 
there are two series of equivalents in general use, one in which whole numbers are 
adopted, and tlip other in which fractional parts are admitted. For example, accord- 
ing to tbe former, nitrate of potassa wiU be 102, and to the latter IUI'3. iSo cblo- 
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l idc of potassium will be 76 and 74*6. Whence, according to the former, every 100 
purls of iiitrute should yield 74'&1 of chloride: the latter gives the ratio of lUO to 
79'61d. But these results diflfercoiuidembly from uiy experiments. In the one case, 
we bnve a diflfetence of '76* and in the other *1S. Whence therefore oonid th^ 
ari&e ? Either the process must be defectivi^ or the equivalent numbers, SO generally 
considered as correct, imtst be erroneous. 

3. To determine whether the process was inaccurate, I tried if chloride of potas- 
sium could be converted into nitrate of potassa by nitric acid. A single experiment 
upon some pure chloride decided in the aifinnative ; and the mean result of three ck-* 
periments gave the ratio of 100 of nitrate to 73 727 of chloride. The correctoesi, 
therefore, of tlie experiments upon the nitrate was satisfactorily confirmed. More- 
over in another exp^^riiueut I converted a known weight of nitrate into chloride by 
hydrochloric acid, and then reconverted the resulting chloride into nitrate by nitric 
acid. The quantity of nitrate obtained was very nearly the same as that originally 
employed ; there was not a hundredth of a grain difference. The error was thus 
traced to the equivalent numbers, but wlietlier it existed in one, or more, of the cle- 
mentarj^ bodies constituting the above compounds, remained still unknown. The 
subject cannot be decided by the mere conversion of a nitrate into a chloride, or a 
chloride into a nitrate. Additional data are required. In order therefore to cxa> 
mine the qnesUon more sorupuloualy, the folloiring experiments were undertaken; 
and as the results have proved connstent and satisfiictory, I have presumed to submit 

them to the Royal Society. 

4. ill tlie present cuuiaiunication I propose to ezaraioe tbe equivalent numbers of 
oxygen, chlorine, nitrogen, potassium, sodium, and silver t and the following are the 
successive steps by which this otamination has been conducted. 

5. In the first place the equivalent of chloride of potassium will be determined, by 
decomposing the cliloratc of jiofassa into oxygen, and chloride of potassium. From 
the ratio which these results bear to each otlier, the number for cbioride of potassiuro, 
ah compared with oxygen, may be ea&iiy deduced. 

The same results will also give the number for chlorate of potassa. 

Secondly. The equivalent of nltmte of potassa is ascertained. This is elEected by 
converting the chlurate of potassa and the chloride of potassium into nitrate: and 
as we have aheiuly e«tal>li'^!i( the eqnivnlents of chlorate and chloride, we can easily 
calculate the nuiiibcr for nitrate from these two methods of analysis. Moreover, 
from the equivalents of chlorate and nitrate of potassa, we can also learn the ditfer- 
enoe between the eqnivalenta of chlorine and nitrofen, as the two salts agree ex- 
actly in composition, and only differ by nitrogen in the one being substituted for 
chlorine in the other. To confirm the experiments upon the conversion of chloride 
of potassium into nitrate, 1 have detailed some upon the decompoiiition of nitrate into 
chloride. 

Hie process, hereafter described, by which these experiments were performed* was 
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to exeemfinglr nmpl«» that the pncwSiig dlffeieiiGct could not be rafecftble to errors 

of [[laiiipulatiOD. 

Thirdly. The equivalents of nitrate, chlorate, and cblortde of sodium are resolved. 
The method of iiivesUgatioa ifl similar to that adopted for the analogous salts of po- 
taMiom. Tbo ohlomte ef soda baa heea deoompoied into chloride^ and into nitFate; 
the nitrate of aoda into chloride; and the chloride of sodium into nitrate of eoda. 
The rc8iilt>> of all these experiments are perfectly consistent with each other, and they 
con fa in in the most (ati^hotory manner the aocunu^ of the experiments upon the 

salts of potiissium. 

Fourthly. The equivalent numbers of chlorine, nitrogen, potassium, and sodiuui 
have been asoertamed. For this porpoee the metal nlrer has been selected. The 
nits of potassium or sodinm do not admit of application in this respect, as it is im- 

practicable to ascertain with sufficient accnrar-y for the present purpose, the propor- 
tions in which either of these m«'tal« comhinc with chlorine or nitric acid. Bismuth 
was first selected from the facility of coavertiug it into oxide, but the difficulty of ob- 
taining this metal in a Mate of absotnte purity, and its liability to form snbsalt^ in* 
dooed me to prefer silver. I have accordingly determined the exact proportions in 
vhicb this metal combines with chlorine and nitric acid; and lastly, to prove tbecor* 
rrftness nf th(> rthition which thv icsiilting nitrate bears to the chloride, I have per- 
furnied several experiments upon the conversion of the crystallized nitrate into chlo- 
ride. Perfect consistency exists throughout ; and from these results, conjoined with 
thoee from the salts of potassium and sodium, the equivalents of chlorine, nitrogen, 
potassium, sodium, and silver are easily deduced. 

6. Such then is the arrang'cment of the evidence by which I propose to determine 
the equivalent numbers of ttiese six ol^ nientary bodies; and to show that a slight 
alteration is necessary in those which are generally employed. Considering the 
immber of distinguished chemists who have devoted their time and ability to the sub- 
ject, it might naturally be expected dwt the truth had been satisfoetorily established; 
bnt the slightest observation of the discrepancies in the results obtained, will prove 
the urgency of more refine*! investi^,nitions. In offering my feeble evidence, I am 
truly sensible of the re!>()unsjble task I have undertaken. The well-attrstcd skill of 
th<we from whom I shall have occasion to differ has constantly urg^d nic to .^^eek 
every mmm calonlafted to attain trath t and I trust, from the coofirmatofy nature of 
the evidence advanced, the nomerous experiments performed, and the simplicity of 
the processes employed, that flie resn!ts will be entitled to confidence. 

7. In presenting this conunnnieafion, I hei; to acknowledge, with sincere gratitude, 
the constant assistance I have received from Mr. iiK.NNBLL; he has kindly watched 
the iriiolc progresa of the Investigations, and by bis advice has enaUed me to ovo*- 
come several difficulties. Let it no^ however, be inferred that he is responsible for 
any the ianlts which this communicatioin may contiUn : they must rest entirely 
on myself. 

8. The violent effervescence which occurs during the action of nitric acid upon a 



Digitized by Go(^,;le 



16 



MR. F. PENNY ON THE DETERMINATION 



chtoride, or of bydrocUoric acid upon a nitrate, except in the caie of rilver, appeared, 

at first, to offer an insuperable difficulty to the application of these actions to so deli- 
cate a pnrpo*ic as flic determination of equivalent numbers. It was requisite that 
some simple practical mctliod tthould be devised to obviate this source of error. The 
unaToidable loss occurring during eServesoenee haa rendeicd many chemical pro- 
cesses, which promise the most fiivonrable results ta theory, inapplicable to important 
investigations. In the experiments hereafter to be describad, any eiror from this 
cause has been efre<!tiialiy prevented. A loss hy spirting- cannot occur. The sub- 
stance is operatptl upon in a common flask placetl in a horizontal position, with 
another uttuched lu il as u receiver; the resulliitg substance is dried; and all the 
weighings are accomplished vithont removal from the flask. The performance and 
completion the <^ieration in one vessel is an additional advantage, and one which 
renders the process especially applicable to minute cheinieal researches. All those 
operations, such a<? transference, wa^liintr, filterin-^^, &c. which introduce so many 
errors, are avoided. Little comment is required to show the advantages which the 
above process possesses in comparison to those hitherto applied to the determination 
of eqnivaknt numbers. Few iroprovemoits, I imagine, can more increase the pre- 
cision of our analyses, than a reduction of the number of operations by which these 
analyses are accomplished, combined with the employment of vessels which will bear 
a high temperature, resist the action of acids, and admit of being used with the most 
delicate balances. All these conditions have been fulfilled by the process employed 
in these researches, and as it has been applied to all the experiments, I shall premise 
its details thus early, to avoid onnecessaty repetition. 

9. Into a Florence flask, previously washed, dried, and tared, with the precautions 
hereafter stated, the substance to he operated upon was inlrofluccd, and its weight 
carefully iiscertained. Another flask, with the whole of its neck removed, was also 
tared ; and, as this was intended to be adapted to the other as a receiver, it was 
termed the receiver flask. Hie reqaidte quantity of add was then poured upon the 
weighed substance, and the flask immediately placed in a horizontal position. The 
receiver flask was also adapte<l in the same position. If the deoom pavilion would 
I'oinmence and continue without the assistance of heat, the flasks were allowed to 
remain as thus placed; but if heat were necessary, they were transferred without 
breaking the connexion to a sand bath. The arrangement is represented in the ac- 
companying figure, and from an inspection of this, it can readily be perceived that a 
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km by spirting cannot oocar. The drops ct liquid, being ijseted Tertically by the 
efferrescence, are thrown against the upper dde of the flask. Should any drops be 
throirn laterally, a circumstance of rare occurrence, they will be secured hy the re- 
oeivcr. When the decompoiiition is completed, and the action has entirely ceased, 
the receiver is detached, and the solution cautiously evaporated to dryness. The re- 
ceiver bi the meantime is dried and re-wdghed. During the evaporation of tbe 
excMS of acid, a portion of tbe vapour condenses upon tbe upper ride of the flask, 
and, returning to the solution, carries with it any salt that may have been thrown to 
the top. Moreover, from this internal washing of the flask, as it iimy not inaptly be 
termed, continuing during the whole of the evaporation, the dry salt, instead of being 
scattered over aconsidembie portkm of the fladc, is reduoed to a small compact maw. 
Indeed it is l)eaatif«l to observe the small compass which the diy nitrates oocnpy 
from this cansc. The flask and its contents are lastly heated in the flame of a spirit 
lamp, and the dry salt either fused or not according to its nature. After a suffident 
time has been allowed for the cooling of the flask, it is returned to the balance, and 
the weight of the resulting compound carefully itscertained. 

10. FVom the preceding process it will be remarked, that flaslu a«e the only vessels 
which have been eroployol. Many precautions must be observed to ensure their 
successful employment. Those that I have used are of the capacity of a pint, and 
the lightest were always selected. Their averag-e weig^ht was about 320 g-rains. Per- 
fect cleanliness was obtained by boiling nitric acid, and well rinsing^ with common, 
and aftenrards with distilled water. Th^ were dried by heating on a sand bath, 
and then in the flame of a spirit lamp. I Iwve found it advantageons to remove one 
half tlie necks t for by this, their weights are materially lessened, and their dryness is 
more securely ensured. While cooling they were placed inside a gla«is case, free froTn 
dust, and were allowed to remain for two hours, in order to restore the equilibrium 
of the internal and external air. In ascertaining the weights of the flasks, it is better 
to wdgh tliem against another flask, previoudy sdected and dried for the purpose. 
Thhtlatter flask may be termed the gauge flask. It wdghed 883'490 grains, and 
weights were of course atlded, on either side, to adjust the difference between it and 
the flask to be tared. The gauge flask was frequently relieafed to insure accuracv, 
and when not in use was preserved from dust and damp under a bell glass placed in- 
ride a glass case. Before the final observations of the weighings were noted, the 
fladcs were allowed to remain in the balance for a quarter of an hour. The success 
of the operations depends especially upon a strict observance of these precautions. 
The following circumstance will serve as an ample proof of tbe care required. Having 
observed in one of the experiments a small particle of dust upon the flask, I removed 
it from tbe balance, and wiped it as quickly as posrible once round with a silk pocket 
handkerchief. The flask was hdd during this operadon by the very extremity of the 
neck. Upon retarnin>>: it to the scale it had lost 025 of a grain, and this was awing 
to a slight expansion of the internal air, produced by the heat of the band. It re* 
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gained iti original wdght in Ibh than five mimrteai By ideating tliia opeiation 

several times the flask lost nearly two tenths. The scales employed were made by 
Mr. Robinson, and wonld turn idedly witli tlie thotisandth part of a grain, when 
loaded with live hundred graius. In the following experimeots they were never 
loaded with so much. The wc%htt mra new, and by carefnl examination before- 
liand^ veie ascertained to be oondstent. 

Chlorate of Potassa. 

11. It has already been stated, that the object with \\n^ silt, is its decomposition 
into oxygen and chloride of potaasiuui. The method of accomplishing tbiti hitherto 
baa becai to anbmit the ealt to a high temperature ; by which the oxygen is expelled 
and chloride of potaMinm ranimins. There are, howeTer, oiany diffieoltiei which 
render this process objectionable, and therefore I was induced to inquire whether tlie 
same result could ho ohf.iiticd by the action of hydrochloric acid. Tlje changes oc- 
curring during the decoiupositiun arc well known. When the chlorate is iu excess, 
the euchlorine of Sir HuMmav Datv, or, as since proved 1^ Soobiuian, amixtare of 
chlorine and eblorooe acid, is evolved. If, however, the acid be in esoMS, chlorine 
only will be given ofT. All the oxygen of the chloric acid, and of the potassa, nnitcs 
with the hydrogen of the hydrochloric acid, and forms M ater The potassium re- 
mains combined with chlorine. I satisfied myself by numerous experiments that 
chloride of potassium is alone produced ; und being enabled, by the procei>s already 
described (9.), to conntcract any error from the eflRervesoenee, I liave adopted this 
method by hydrochloric acid in preference to that by heat. 

12. The chlorate of potassa employed in the succeediiij,'' exjK'rinients was obtained 
pure by three successive crystallizations of ordinary commercial rtdorate. After each 
crystalUzation the crystals were dried, rubbed to powder, und washed with distilled 
water. Tiie salt which resulted from the third crystalfisation, dissolved withoirt re- 
sidue in water, and the solution was not aflected by nitrate of silver or nitrate of ba- 
ryta. Two hundred grains were converted by heat into chloride of potassium ; the 
fused chloride was ])erfectly colourlees, and when dissolved and tested not a trace of 
foreign matter cuuld be detected. 

13. The first experiments with this salt were rather discrepant, arising from my 
ignotance of the extreme caution which is requisite in drying it. Having observed 
in some chenucal works that it is fusible at a temperature between 400"^ and 300^ 
Pahr., and will bear a teroppratnrc of 6G0' without tindcrroinir decomposition, I con- 
ceived that veiy careful fusion would be the most secure uiethod for ensurinj,' dryness. 
The want of uniformity in the results, however, indicated some source of error, and 
upon examination I found that a very notable quantity of chloride of potassiuro was 
produced by the process of Aision, although effected with the utmost care. A tem- 
perature just below that of fusion was next tried, but upon dissolving the dry salt in 
distilled water, and testing with nitrate of silver, a minute portion of chloride could 
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be detected. ladeed it was not until after aeveni tride tliat I nieeeeded in aaeer- 
tatning; the temperatufe at which this salt mtght be perfoetlj dried witbouc risk of 

deeonposition. This temperature is about 220°. The temperature of boiling water 
is fMiifp enrp ; 1000 grains were kept in a copper pan, heated by steam, for fourteen 
hours without experiencing the slightest change. I have found by several experi- 
ments that one hundred grtuns of perfectly dried ddonte triU loK about *0S of a 
grain by fusion. The precaotion of testinga portion of the dry salt was repeated after 
every drying, to ensure accuracy. 

14. When dry, the powder was transferred, while hot, into a small tube, and tightly 
corked. As soon as cold, the quantity necps??ary for an experiment was transferred 
into u previously tared Aaak, and the weight of it ascertained. The tube was suf- 
ficiently small to pass down the netsic of the flask, and almost to the bottom, so that 
any adhesion of tlie powder to the sides of the flask was prevented. The remainder 
of the process corresponded to the one already described, except that before adding 
the liydrochlorie acid, it is expedient to fuse the chlorate in the flask. By this the 
action is very much moderated, and the cidorate i^ slowly and quietly dissolve. No 
heat is requisite if the acid be sufficiently strong. 

15. The hydrochloric acid was prepared according to tiie general directions in a 
green glass retort. It was twice redistilled, and had a specific gravity of 1*160. It 
was carefully exaiiiiiiff! for .'5idi)Iiuiic, nitric, and sulphurous acids, but not a trace of 
them conld be detected. Two fluid ounces when evaporated left only 016 of a grain 
of solid uiatter*. 

le. Owing to the compactness of the mass in which the resulting chloride is left 
in the flask, a minute portion of hydrochloric acid remains adbermt to the salt when 

its quantity is large ; and this cannot be driven off without so high a temperature as 
to risk the crackinp of the flask. To expel tliis adventitious aeid, I have always 
adopted the following process. The mass, tUe weight uf which has been ascertained, 
is detached from the side of the flask by gentle agitation, and t>raken into pieces 
svflieiently small to be removed. These pieces are then mbbed to powder in a glass 
mortar, and the powder is transferred into a previously tared platina crucible. Its 
weight is ascertained, and then it is heated to dull redness for half an hour. Fusion 
was carefully avoided, as it cannot be eUected without a minute loss by snbliinaiion. 
When cold the loss is easily determined, and as the weight of tiie mU in the crucible 
Is known, it is easy to calcnlate the loss for the whole quantity originally in the flask. 
The quantity which remained adherent to the flask generally amounted lo '07 or *0S 
of a grain. 

17, I subjoin the tT« iltsof six experiments, and annex, for the conveoieDce of com- 
parison, the caieulatiuns to 100 parts. 

• In the following experimento one fluid ounce of tlii* arid wa-s sutfic-irnt, so that nnt more than 'OOS of 
a groin of impurity would be introduccii, and thii quantity was alwayc subtracted from the recuiting 
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Chlorate. 


Chloride. 


Chlorate. 


Chloride. 


76-626 . . 


. 46-598 , , 


or as 100 to . 


. . 60-825 


83-048 . . 


. 40*003 . . 


. or aa 100 to . 


. . 60-822 


76*300 . . 


. 45788 . 


, . or M 100 to . 


. . 00*816 


63114 . . 


. 38-386 . . 


. . or as 100 to . 


. . 60-830 


61164 . , 


. 37-202 . , 


, or as 100 to . 


. , 60-823 


6&7a4 . . 


. 89-980 . 


. . or &s 100 to 


. . 60-830 



The mpnn of these experiments indicates that 100 parts of cfaloraUi of frataaia oontaiii 
60 aU3 of chloride of potassium, and 39-177 of oxygen. 

18. In another experiment I obtained the proportion of 100 of chlorate to 60-808 
of chlonde ; but in this case the chloride iras partially fbsed, and vfaile «o I detected 
the evoltttion of a small quantity of white vapour. It shows that 60*808 is too low. 
Bbrzelius obtained by lieat 60*860 of chloride, and 30*160 of oxygen from 100 of 
chlorate. 

1 9. It being w^ell known that many powders, although not deliquescent, are more or 
less hygrometric, and no pcecantions baring been taken to obnate this in the pre- 
ceding ezperimentSf I thought an error on tUs aooonnt might Infloence them. To 
decide the qnery, the following experiment WM perlbnned Two hundred grains of 

the chlorate in powder were dried with every care, and transferrer! whWv hot into a 
stoppered pbial, just large enough to contain it. When quite cold, tiu- stojiper was 
removed for a moment, and then the bottle and its contents, being placed in a small 
glass dish, the whole was counterpoised in the Iwlance. The powder was transferred 
very carefully into the dish, without removal from the balance, and tbe empty bottle 
placed oti top of the powder. The whole wa.s left in this condition for two hours, 
and upon examination at tbe expiration of that time, not the slightest appreciable 
difference in weight could be detected. The experiineni was twice repeated with the 
same result. 

80. JPeriBctly dry powdered chloride of potassium was submitted to a rimiiar cx^ 
periment, but there was no eTidenoe of change. If however the atmosphere be damp, 
both these salts when in powder rapidly absorb hygrometrie moisture, 

Comtrmen ^ CMamki q^JVasw Into yUrale. 

91. Having determined, and I trust satisfiwtorily, that every 100 parts of chlorate 
correspond to 60*823 of diloride, the next object was to ascertain the quantity of 

nitrate resulting from 100 parts of the same salt. Its conversion into nitrate cannot 
however be performed directly, for the action of nitric acid upon a clilorate, a.s I shall 
show at another opportunity, is not to decompose it wholly into nitrate, but into a 
ifefinite mixture of nitrate and perchlorate. The means by which the object now 
desired was aoeomplisbed, were 1^ converting the chlorate into chloride, l>y hydro- 
chloric acid, and then the resulting dibwide into nitrate, by nitric acid. The opera- 
tions were performed without any removal from the flaslt. The nitric acid was 
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added immedwtely the chloride was dry, without trwiBferriiig and driving off the 
imall quanti^ of adfliering acid (16.). The minuteness of its qoaatity rendered it of 
no importance, as considerable excess of nitric acid was atf^ays employed. The 
nitrate produced was always fased to ensure dryness, and its weight being ascertained, 
it was dissolved and tested for chlorate and chloride. There waa never the slightest 
indication of eith^. The imparities introduced by the acids, namely, one ounce of 
hydrochloric, and half an ounce of nitric, were of course allowed for. Only four 
experiments were performed, as their onifomiity assured me of their dose approxi* 
ination to the truth. 

22. The particulat*s ot tliem are as follows : 

Cblonde. JfitrMB. CUorttc. Nitrtte. 

86-454 . , , , 71-329 .... 100 ... . 82'505 

70-205 .... 67918 .... 100 ... . 82497 

62-244 .... 51-368 .... 100 ... . 82498 

72636 .... 59-938 .... 100 ... . 82*500 

The mean will be as lOb chlorate to 82*500 of nitrate. 

23. Hereafter I shall shoir that 100 parts of lUtrate correspond to 73-/26 of chlo. 
ride, so that the above result would indicate that 100 og chlorate contain 60*835 of 
chloride. This agrees very closely with the experimenu by hydrochloric acid. 

84. Moreover, this result, by comparison with that obbuned in 17, shows, that 
100 parts of cliloride correspond to 135'640 of nitrate 
and 100 parts of nitrate correspond to 73*724 chloride. 

C^ktorideof Potaxsium. 

25. Notwithstanding the experiments which have been made upon the artion of 
nitric acid upon chlorides, much uncertainty still exists, as to the precise uuture of 
the changes which occur. Their expUcation would dispd the donbt respecting the 
changes which take place during the mutual decomposition of nitric and hydrocMoiie 
acid, in the formation of nitro-n^uriatic acid. Sir H. Daw has stated that chloiine^ 
nitrous acid, and water are produced. According to Dr. John Daw, a compound 
of chlorine and binoxide of nitrogen, with ciiioriue, and water result. Interesting as 
the decision of this question would be, I shall not now adduce the experiments I 
have made for this purpose, lest I should confuse the present inquiry. It has r^r- 
enoe only to the ultimate result, which, as before stated (8.), is proved by the follow* 
ing experiment to be pure nitrate of potassa. 

26. Two hundred grains of pure fused chloride of potassium were acted upon by 
one Guid ounce of nitric acid, sp. gr. 1*425 ; effervescence began immediately on mix- 
ture : abundance of chlorine tinged with nitrous add was evolved. After the action 
bad continued for two hours, a gentle lieat was aiqdied. There was a more eopions 
evolution of nitrous add» but the action soon ceased, and the solution remained co- 
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Iourl«flB. Evaporation was carried to diyneH, and the dry salt fused. It was cokmr^ 

less, and weighed altoiit 271'24. This corresponds closely to the qnantity of nitrate 
which should be yielded according' to the preceding exj>eriincnts. Part of the fused 
salt wiis then dissolved in distilled water, and tested with nitrate of silver: not the 
sUgbieat turbiditf was evident. To anotber portkm hjdroeblorio add was added, to 
observe wbetber any cUorate of potassa had been formed, but not the slightest change 
was produced. The remaining portion upon being crystallized proved to be all nitre. 

27. The chloride employed was prepared by saturating pure bicarbonate of potassa 
with excess of pure hydrochloric acid. The bicarbonate was purified by three cry- 
stallisations, and when tested no li^ication of foreign matter oonid be detected. The 
solution of chloride was evaporated to dryness, and the dry salt heated to expd the 
access of acid. It was then dissolved in distilled water, and twice recr> .staliizcd. The 
salt, thus pini6cd, was examined for sulphate, nitrate, lime, &c., but no impurity 
could be discovered, it was dried by careful fusion in the platina crucible. The 
process has already been detailed. Only half a fluid ounce of the nitric acid was 
employed in the following experiments. TUs nitric acid bkd been twice distilled 
and was perfectly colourle&s. It had a specific gra'rity 1*480, Two floid ouneca when 
evaporated It ft 020 of a grain, and therefore not more than '005 of a grain of im> 
purity would It introducctl. 

28. The fullovviiig are the particulars of the experiments performed: 

Chloride. Nitrate. Chlorule. Nitrate. 

84-090 .... 113 058 .... 100 ... . I35'630 

61-998 .... 84092 .... 100 ... . 135-037 

51-823 .... 70-293 .... 100 ... . 135-640 

6/145 .... 91-072 .... 100 ... . 135-635 

55*350 .... 76-071 .... 100 ... . ]36'080 

whence, according to ^e mean, 

100 of chloride correspond to 135*634 nitrate, 
and 100 of nitrate correspond to 73'7S6 chloride. 

29. In confirmation of these results, I procured some chloride from pure chlorate, 

by heating in the platina crucible, and fusing the resulting salt. I performed two 
experiments with this chloride and obtained the annexed results : 

riiloride. Nitrate. 

38-660 .... 52-438 .... 100 ... . 135640 
60-998 .... 82*733 .... 100 ... . 135 630 
Th^ correspond very closely to the preceding. 

NUrttie ^Patasta. 

30. The conversion of this salt into chloride of potassium has been described, as 
well as the process by which it is effected. In addition to the preoautiona mentioned 
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in the procesi, there ere several others to be obeenrcd to ensure anccen. As soon as* 
the action coTiimrnc( "?. the fla.-ik should be removed from the sand bath, and the de- 
compositton be permitted to continue without heat. When the action slackens, the 
flask may be returned to the sand bath, and so on, to and from the source of heat, 
nDtn it is so gentle tiutt no lateral spirting can 1»e Aared. The adaptation of a re> 
eeiver thronfhoat the whole of then operatiom must be strietlf attended to ; fbr de- 
spite every care, a minute portion of tlie solution will sometimes be ejected during 
the evaporation. This circumstance happened in three of the experiments I shall 
mention presently. In one case the weight was 003 of a grain, in another 008, 
and in a third *005. The recdver task dioold not be detached from the other even 
while removing them to and from the sand bath, nor In &et until the resulting- chlo- 
ride is nearly diy, as slight action continues daring the greater part of the evapora- 
tion. 

31. Very particular attention vrns paid to the purity of the salt employed. It was 
prepared from the cummuu purified nitre of tiie shops, by four repeated crysluilizu- 
tions fhNm distilled water. Afker each ctystallisation the salt was dried, wid finely 
powdered, and this powder well washed with distilled water. When finally washed 
and dried, 200 grs. ^ere fused in a platina crucible. They yielded a perfectly colour- 
less mass, soluble in water without a trace of Insoluble matter, ami the solution was not 
affected by nitrate of silver, chloride of barium, oxalate of ammonia, or hydrosulphuret 
of aromwda. It was dried by carefnl fusion. The resnltmg ddmide was dried in the 
same way as the chloride fram cMbrate. From one to two fluid ounces of hydro- 
chloric acid are sufficient for the quantities of nitrate employed. In adding this acid 
one important practical circumstance must be observed, namely to add it in t \vf> suc- 
cessive portions, and to expel the first quantity previously to the addition of the second. 
This method is necessary from the small size of the flasic, compared with the bulk of 
fluid. The less the quantity of fluid in the flask at one time, the less chance of kws 
by spirting. 

sa. I obtained, in serai experiments, the follmring very satlsfoctory results : 



Nitrute. 


Chloride. 


Nitrate. 


Chloride 


60-290 . . 


. . 44-452 . . 


. . 100 . . 


. . 73-731 


58-230 . . 


. . 42-927 • • 


. . 100 . . 


. . 73-726 


earOAO . . 


. . 46*470 . . 


. . 100 . . 


. . 73-730 


51*514 . . 


. . 87*978 . . 


. , 100 . . 


- . 73724 


56 036 . . 


, . 41-315 . , 


. . 100 . . 


, . 73-730 


80-517 . • 


. . 59-362 . . 


. . 100 . . 


. . 73-726 


78-643 . . 


. . 57-983 . . 


. . 100 . . 


. . 73-730 



The mean will be as 

100 of nitrate to 73-728 rhloride, 
or 100 of chloride to 135-634 nitrate. 
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33. Thus then we have ascertained, by three different methods, the ratio which 
chloride of potas uin bears to nitrate of potassa. The results are as follows : from 
chlorate potassa ( 1 7 >, 

Nit«it«. CUflriib. CAInide. 

100 corresponds to 73734 i or 100 to 136'640. 
Frcnn ehloride potaarinm (28.), 

100 oomftponds to 73720; or 100 to 136*634. 
From nitrate of potassa (33.)» 

100 corresponds to 73-738; or 100 to 138*638. 
Whmce the mean will be, 

100 eorrespoods to 73*726; or 100 to 185-686. 

34. Before quitting this salt, I cannwt omit the opportunity of nteiitioning an in- 
structive circuin>fr\!iro rnnnccted with my first rxpfriments. The hydrochloric acid 
employed was obtaiued pure (as 1 then thoughtj by the redistillation of some ordi- 
nary pure acid. It was tested for nitric and sulphuric acids, but there was not a 
trace of either. Two fltiid ounces yidded by evaporation only -OU of imparities. 
I performed four operRtions, and the results were la the ratio of 100 of nitrate of 
potassa to 

73*877 . . 73-888 . . . 73-886 . . . 73*877 of chloride. 
Tlie close approximation of these numbers inspired considerable confidence at the 
tinip. and in order to verify them, f converted a portion ot" pure cfiluride of potassium 
iuto nitrate. The result was as 100 of nitrate to 73728 chloride. Tbe diifereoce 
iietween this and the above result indicated some source of error. The chloride re> 
suiting from a nitrate experiment, was therefore reconverted into nitrate by nttric 
acid, but instead of obtaining the original quantity, I obtained mnch less. This cir- 
cumstance suggested, that the error arose from some impurity in the materials, and 
suspecting the hydrochloric acid^ u portion uf it wan bubmu ted to another distillation. 
With this new acid another portion of nitre was decomposed, but the result was worse 
instead of better. The proportion was as 100 of nitrate to 74*04 of chloride. It was 
evident that some adventitious matter, more volatile than hydrochloric acid, was 
passing over with the acid in distillation. Snipliurons acid wfis snspected. A por- 
tion of the hydrochloric acid was boiled with a little nitric acid, diluted, and then 
tested with muriate of baryta ; a precipitate of sulphate of baryta deposited. There- 
fore the acid did contain snlpburoas acid, and this, by the action of nitric acid or a 
nitrate, was converted into sulphuric. The production of a higher result is therefore 
explained, and altliou,;rh vexatious at the time, it will now show tlie importance of 
obtaining the same result from difTcrcnt sources, and how admirably these reciprocal 
decompositions, uf chlorides into nitrates and nitrates into chlorides, are adapted for 
this purpose. 
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CklonUe (^Soda. 

86. This salt has been vary imperfectly examined. It is recommended to be pre- 
pared by passing chlorine throug'h a solution of soda, and separating the chlorate 
and chloride by crystallization, or by eafu rating chloric acid with carbonate of soda. 
These processes, however, are very uncertain, and this may explain the contradictory 
descriptions gi ven of this salt in dwmical irorks. The process by wfaidi I sacceeded 
in obtuninf it pure, is as follows : some btautrate of soda was prepared from carbo- 
nate of soda and tartaric add, and purified by recrystallization. A quantity of pure 
chlorate of potassa was dissolved in a sufficient quantity of hot distilled water, and 
this solution while warm was mixed with a saturated hot solution of the above bitar- 
trate of soda. Instant decomposition occurred ; cream of tartar was precipitated, and 
chlorate of soda remained in solution. The whole was permitted, to cool, and when 
quite cold the solution was decanted, evaporated, and crystallised. It is better to 
employ excess of chlorate of potassa: the proportions which I used were 32 of chlo- 
rate and to of bitartrate in crystals. The fii'st crop of chlorate of soda generally con- 
tains a little bitartrate, but this may easily be sepanitcd by cold water, which dis- 
solves the fonner and leaves the latter. The salt employed for the present inquiry 
was dissolved in spirit oi wine, and afterwards twice reerystallised from distilled 
water. It was at last crystallixed hy spontaneous evaporation. The crystals thus 
obtained were very large. The diagonals of the largest face of many wore not less 
than I of an inch in length. They were either right square prisms or right rectan- 
gnlar prisms. I have never obtMned them of any other shape. Hiey contain no 
water of crystallisation, and remidn unchanged by exposare to the air : they fhse at 
a temperature a little higher than that required by chlorate of potassa} and, like 
this salt, tliey always undergo a slight (K-coinpositiun hy fusion. 

r.G. Particular attention is required in concentrating the buhitions of this salt; for 
if the heat be carried too far decomposition will take place. Oxygen in abundance 
is evolved, and chloride of sodium formed. When this has happened the chlorate 
is spoilt, for the almost equal solubility of the chlorate and chloride renders it impos- 
sible to effect their perfect separation. The criterion by which I judge of the proper 
strength of a solution, is blowing gently on the surface, and observing whether any 
crystals are formed ; if so the heat may be removed. 

37* The process for decomposition is the same as that employed for chlorate of po. 
tassa. In drying the resulting chloride of sodlom, care must be taken to avoid a loss 
by decrepitation, 

3B. I subjoin the results of four experimentswith the calculation to one hundred parts. 

Chlorate. Qilorid*. CUonta. CUoride. 

81'8I6 . . -. . 44-9^ .... 100 ... . 64-040 

76*010 .... 4IM09 .... 100 ... . 64*926 

116-655 .... 64067 .... 100 ... . 54-920 

130-705 .... 71 800 .... 100 ... .')4'93a 

The mean will be very nearly 100 of chlorate to 54*930 of chloride. 

MDCccxxxix. a 
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39. The chlorate ims next converted into nitrate 1)y a proeeia rimilar to that 
arloptnr) for the analogous salt of potiSfla. I performed three experimeDtiy and the 
foUuwiug are the particulars. 

Chlonitc. tntnta. CliloniU'. NitMto. 

110H4» .... 88*580 .... luo ... . 79*675 
llS-flM .... 94-493 .... 100 ... . 79*88S 
89-119 .... 65*198 .... 100 ... . 79-890 

The raean wOl be as 100 of chlorate to 70*889 chloride. And comparitig this with 
the e^rimenti on the conversion of chlorate into chloride, 

100 parts of chloride will corraspond to 14&-435 nitrate, 
and 100 parts of nitrate will correspond to 08*763 chloride. 



mtrate ijf Soda 

40. Was prepared from pare carbonate of soda and nitric acid. The carbonate 

was obtained pure by repeated cr^'stalli^^ation^ of common carbonate. It was obtained 
in fine large crystals, and 200 g^rains wlu-n dried and ftjsfd yielded a colunrlrss mass. 
Thit) mass was then dis^soivcU in di^itillcd water and tt^^ited fur chlorides, sulphates, 
liroe, iron, &c., but no trace of impurity cuuld be detected. The ciystals were dissolved 
and saturated with pure nitric acid in excess \ and the solution evaporated to dryness. 
The dry salt after heating to expel the excess of add, was rocrystaliised three times. 
The resulting nitrate was quite pure, and was dried previously to use, by fusion in 

the platina rnirible. 

41. Its dt^cumiMJsition into chloride of sodium was t-Hected by the same proc^ as 
that applied to nitrate potasea. In drying the resulting chloride care mnst be taken 
to prevent a loss from decrepitation. Fueion must also be avoided, as the salt ra- 
pidly sublimes when fnsed. The hydrochloric acid was added in two portions, and 
from one ounoe to one ounce and a half was sufficient for tbe quantities of nitrate 
employed. 

42. 1 subjoin the results of six experiments with the calculations to 100 parts. 



Nitnte of Soda. 
1. 56*606 

3. 59*330 . 

3. 50 316 . 

4. 51704 . 

5. 55'2o0 . 

6. 68*430 . 



Chloriide Sodium. 

. 88-926 . 

. 40-731 . 

. 34-602 . 

. 35-618 . 

. 37i)95 . 

. 47-059 . 



100 
100 

100 
100 
100 
100 



68767 
68*780 

68-770 
68-769 
68-770 
68*770 



The mean of these results give the following proportions. 

100 parts of nitrate soda correspond to t5>< 7/1 eliloride sodium, 
and 100 part3 of chloride sodium correspond to 145*410 nitrate. 
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Chloride Sodium. 

Tliis salt was prepai-ed by supersaturating pnre carbonate of soda with pure hydro- 
chloric acid. The solution was evaporated to dryness, and the dry salt, after heating 
to esftA the tattXM of acid, ww rediHolved and ncryitall!aed several times. Tbe 
crystals obtained were quite pnre, and were Aised in the platina crudble to ensure 
dryness. It was converted into nitrate of soda by the bume methud us chloride of 
potassium. The resulting nitiate was fused in the flask. The following are the results 
of seven experiments. Number 3. was performed upon some chloride of sodium ob- 
tained from chiurute, by beating until all the oxygen was expelled. Number 7> was 
performed Qp(ni eblockle in powder, dried in the phtina crainbie by the flame of a 
spirit bmp. Half an ounce ^ the mtric acid (27.) was snffident for all the following 
experiments. 



Chloride. 


Nitnte. 


Chloride. 


Nitratei 


1. 43768 . . 


. . 68-630 . . 


. . as 100 to . . 


. . 145*415 


3. SO'454 . . 


. . 73-465 . . 


. . as 100 to . . 


. . 145*408 


3. 88*160 . . 


. . 55*492 . . 


. . as 100 to . . 


, . 145-420 


4. 48-914 . . 


. . 71112 . . 


. . as 100 to . . 


. . I4r)i2} 


5. 56-240 ■ . . 


. . 81-778 . . 


. . as 1 00 to . . 


. . 14.-)-410 


6. 58-d42 . . 


. . 74021 . . 


. . as 100 to . . 


. . 145-418 


7. 99-168 . . 


. . 144-210 . . 


. . as 100 to . . 


. . 145*420 



whence taking the mean 

too parts of chloride will correspond to 145*416 nitrate^ 
or 100 parts of nitrate will correspond to 68*768 chloride. 

43. The conversion of chloride of sodinm Into nitrate of soda, aflbrds one of the 

best and easiest methods for testing the accuracy of the equivalent numbers in ge> 
ncnil use. Accordlnt^to one scries we have 60 as the number for chloride of sodinm, 
and 86 for nitrate ; anotlier series gives 58*72, and 85-45 for the same compounds. 
Now taking these two series as the data of separate calcuicitions, we find, that, ac- 
cording to the former, a hnndrcd grains of chloride should yield 143*333 gruns of 
nitrate » whereas the latter would give 145*504 gndns of nitrate from the same quan- 
tity of chloride. Here then is a difference of nearly 2 2 grains; — a difference far ex- 
ceedinir ;itiv error of manipulation, and plainly indic;iting that one or other of these 
series must be incorrect. Upon which series the greater error is chargeable, every 
chemist may satisfy himself. The decomposition by nitric acid may be readily per- 
formed in flasks } and the only requisite for success is purity of materials. 

Sibter. 

44. The d^cet for which the following experhnents were made upon this metal 
has been already stated (5.). Tbe conversion of silver into chloride has been so fre- 
quently repeated by tbe most skilfol chemists, that 1 concaved the better plan would 

a 2 
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be to collate tiidr rnnlti, and to take the mean aa the baafe of ray calculation. Bnt 

the discrepancies existing between them, and the objectionable processes which have 
in many cases been applied, nrg^eH me to examine Ihe >*iibject for myself. 

45. The purity of the silver employed was very rigorously te«ted. One hundred 
and fifty grains were diaaolved in pure dilate nitric acid ; not a trace of insoluble 
black matter indicative of gold ooukl be recognised. The nitric solution, bdng di<- 
luted* was precipitated by excess of pure hydrochloric acid ; and the supernatant 
!ir|iio!-, separated from the precipitate by filtration, was evaporated to dryness. A very 
minute quantity ut" sfilid matter remained; equivalent only to the impurilieb ititro- 
duced by the acidst uiid tiie water. It was examined t'ur copper, lead, and iron, but 
not the slightest indication of their presence was afforded. The silver was in small 
pieces, and each piece was sufficient for an experiment. 

Conversion info Xiti ntf. 

46. The process fur the conversion into nitrate was in all particulars identical to 
the one described in paragraph number 9. One fluid dracbm of the pure nitric acid 
(27.) diluted with two drachms of distilled water was amply suffident for the quan- 
tities of silver employed. With acid thus diluted the action is very gentle, and, if 
time be allowed, the whole of the stiver may be dissolved without the lussistanee of 
heat. During the evaporation of the water and the excess of nitric acid, the receiver 
flask may be detached witliout any risk of loss. The dry nitrate was iu all cases 
fused i bat particular care is necessary to accomplish this operation successMly, for 
the salt being In a small cake^ is, from the shape of the flask, much thinner at the 
edges than in the middle ; and therefore, unless the heat be cautiously applied, a slight 
reduction into oxide will liapi>en. This cfTcct becomes evident by the fused nitrate 
being tinged with black. It only happened in one of the following experiments, and 
then a very minute black film could be detected on one side of the fused mass. Du- 
ring Aision and cooling, the flasks were always exclnded from light 

A7. The distilled water employed in these experiments had been twice redistilled 
in green glass, and four fluid ounces when evaporated left '024 of a grain of solid 
matter The quantity used, namely two drachms, would not introduce therefore a 
tliousaudtli of a grain of impurity. 

48* I subjoin the results of six from idne experiment^ with the cdculations to 100 
parts. 

Silver. Nitrate. Silver. Nitrate. 

1,59 087 . . . 93 020 , . . . or as 100 to . . . 157-430 

2.60-311 . . . 94*952 . . . . or as 100 to . . . 157*437 

8.51*054 . . . B1-S8S . . . . oraslOOto . . . 157*468 

4. 55734 . . . 86-765 . . . . or as 100 to . . . 157*440 

6.45-622 . . . 71'827 .... oraslOOto . . . 157430 

6.64-726 . . . 101-913 . . . . oraslOOto . . . 157-455 

whence, taking the mean, 100 paits of silver correspond to 157*441 of nitrate. 
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€Jaiwemm mio C^taride, 

49. The quantity of chloride resulting from a kdovm wtaght of direr was deter* 
mined as follows. To each of the fused nitrates from several of tlie foregoing expe> 

rinients (48.), half u fluid ounce of rlistilled water (47.) was added, and the salt dis- 
solved with the assistance of a gentle heat. The .sohition being slightly acidulated 
with nitric acid, was precipitated by an excess of pure hydrochloric acid, amounting 
to half an ounce. These operations were performed without removal from the flask. 
The precipitated chloride, notwithstanding constant agitation daring the addition of 
the hydrochloric acid, forms into a cake, and lest tills should retain any undecom- 
posed nitrate of silver, a glass rod of a dark green colour was introduced and the 
n>ass broken up. The rod, on removal from the flask, was always examined with 
a lens to see whether any chloride had adhered. The flask wu^s next placed upon a 
heated sand bath, and the water and exeess of acid cantioasly expelled. Hie Ksnlttng 
chloride was beautlfolly white, and was always fused in the flask. During this ope- 
ration, aii<t while cooling, light was carefully excluded. 

.50. Ill flie l'hilo«ophiral TraTi^ru tinns for 1833, the late and much-lamented Dr. 
ToRNKR has stated that ehloride ot silver maybe dried perfeetly and witliout the risk 
of decompoiiition at a temperature of 300' Fahr. ; but he adds itiut evea after this a 
slight loss occnrs daring fhston. With the latter part of these remarks my ob8ervB<- 
tions accord. In seversl experiments In which the chloride has been dried for a con- 
siderable time with a spirit lamp, guarding carefully against fusion, I have found that 
^ thus dried it always decreased slii^htly in weight by fusion, amounting to about '006 
of a grain for 70 grains. Dr. Tuknsk attributed this loss to a slight decomposition. 
I liave repeatedly tried to satisfy myself on this point, but have hitherto been unsuc- 
oeaafiil. I have never seen any eridenee of decomposition. 

51. In five experiments performed as already stated, I obtuned the following re- 
sults. 



SUrer. 


Chloride. 


Silrer. 


Chloride. 


1. 59*067 • * 


. 78-489 . 


> . orlOOto . 


. . 132-896 


2. 60-311 . . 


. 80-117 . 


, . or 100 to . 


. . 132-840 


3. 51-654 . . 


. 68-612 . 


, . or 1 00 to . . 


. 132-8;?0 


4. 55-734 , . 


. 74-037 . 


. . or 100 to . . 


. 132-840 


5. a479« • • 


. 85*989 . . 


. or 100 to . . 


. 1^40 



53. Again, in two additional experiments I dissolved the ^wtt in a snflicient quan- 
ti^ of dilute nitric add, and precipitated at once with hydrochloric acid, without 
evaporating and procuring the nitrate. These are the particulars of the experimmits. 

Silver. Chloride. 

67-882 .... 76-884 .... 100 ... . 132-830 
61*880 .... 68*259 .... 100 ... . 182*888 

lUring the mean of the seven experiments, 100 parts of silver win correspond to 
182*886 of chloride. 
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53. The mean of three experiments, described by Dr. Tumkbr in the Ptiilusophical 
Transactions for 182f>, g-ivrs the ratio of 100 of silver to 13'2-fl:^5 of cliloriile. 'Ilie 
foliowing^ table, extracted from Professor Brande's Manual of Chemistry, will show 
the results of did'erent experimenters upon the siunc subject. 

Dr. Thompson KM) of silver to 138-33a of chloride. 

Rose 100 of silver to 133 014 of chloride. 

Bbkwuus 100 of diver to 182*736 of cbloride. 

Gay Litwac 100 of silver to 133*890 of chloride. 

BlAiicrr and Daw . . . . 100 of iilver to 139*450 of chloride. 

54. From the five experiments on the chloride, we can also ascertain the ratio of 
nitrate 'of silver to chloride. For as the silver employed had Ijcen prcvion^l^ <<»n- 
vertcd into nitrate, we can, by comparing the mean result from the nitrates w idi that 
from the chloride, obtain the ratio required. Thus every 100 parts of silver corre- 
spond to lffil*aS6 of chloride and to 157*441 of niti«te{ vhence, 

100 of cbloride comspond to 1 18-533 nitrate, 
and 100 of nitrate will correspond to 84*373 chloride. 



Nlfratc SilvfV. 

55. That 100 parts of nitrate to 81 372 of chloride is near the truth, the following 
cxperiinents on the crystallized nitrate satisfactorily confirm. The nitrate of silver 
was obtained from pure commercial silver by solution in nitric acid and crystallyzing. 
After three erystallicationa H was obtained in ine bold lirystals, and was quite pure. 
Its peiftct dryness was ensuied by loslon in a small glass tube. To convert it into 
chloride, the same process and precautions were adopted as have already been de- 
scribed. The chloride was always fused. 

56. 1 subjoin the results of five experiments. 

Nitrate. Chloride. 

93-462 . , . . 7»847 . 

115-414 .... 97'395 , 

65-500 .... 55 2(3/ . 

93034 .... 78-490 . 

108*645 .... OI-064 . 

The mean of these experiments will be 

100 of chtorifte to 1 1 8*530 fUtrate, 
and too of nitrate to 84*874 chloride. 

57. Dr. TvvMiL, in the Philosophical Thuisactions for 1833, gives the details of 
two experiments npon the converrion of nitrate of silver into chloride. AtMMMiUng 

to one, 100 parts of nitrate correspond to 84 367 of chloride; and to the other, 100 to 
84-3t}9. The mean will be 100 to 84*373. The close accordance of the above results 



Nitrate. 


Chloride. 


100 . . 


. . 84-370 


100 . . 


. , 84-388 


100 . . 


. . 84-3/7 


100 . . 


. . 84-3«7 


100 . . 


. . 84-370 
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not only proves the correctness of the experiments, but also the purity of the mate- 
rials. 

68. It now remains to determine from the foregoing experimental data, the equi- 
valent numbers <tf the eereral cooipounda described, and of the dementary bodies of 

which these compounds aie constitoted. Por the ronrc;nicnce of reference, I have 
arranged the results in n tabular form, and have inrUuled the re^iults corresponding 
to tiie two series of numl)Lrs in general use in this country. I have taken the liberty 
to name them uccordiiig tu their respective authors. 





CalrnUicri 
Bcronliag tr> 

Dr. THOMl-.rj\-. 


ralcultted 

iK'i-onling IV 
l)r TtiRKita. 


.\c'r-<ir<tirig to 
till* furrgtiiDg 
uperimenu. 


lOO part? ot chliiruti uf ]]:it^^?a yield (if rliltiriclL' .... 

100 jnirU of Lliluriiti.- of ()(jt:i.---a vifld of uitnito 

loo parts oi chluriile of putu»«iiim yield oi nitrate .... 
100 part* of nitrate of pKitassa yiclJ of chloride 

100 parts of chloride of f>udiiim rield of nitistc 

100 jHirts of uttrate of «oda yield of cUoridiS 


82-259 
134-210 
74 510 
56-655 
79-630 
143 333 
69 767 
156 363 
183-333 
85-872 
117-M6 


cosas 

82-646 
135 845 
73-613 
55 0-22 
81-942 
145 504 
68C66 
157-546 
132-796 
84-21I0 

iiS'Oa? 


60-825 
82-500 

135-636 
73-726 
54 930 
79-8H3 

145-414 
68 771 

157 441 

132-837 
84 374 



59. Of the six elementary substances included in the above compounds, there is 
only one upon the number of which choinists are agreed. T!mt is oxygen, l^pon a 

, scale in which hydrog-en is considered as unity, oxygen is stated to be eight} and as 
this nnmber is generally cniploycd in tbiB country, we may adopt it as tbe basis of 
the calculattons in tbe present inquiry. Should it be prared errooeons by future in- 
vestigations, the numbers, presently deduced, must undergo a proportionate altera- 
tion. Rcnicinhcriiig-, therefore, that I ha%*e merely assumed the number eight for 
oxygen to be correct, we may proceed according to the method already detailed (5.) 
to ascertain the several equivalents. 

60. Chloride of Potassium. According to the pi-eceding table 100 parts of chlo> 
rate of potMsa correspond to 60*825 of chloride, and therefore the same quantity of 
chlorate will contain 30-1"') ox\-[:^cn. But in every proportional of chloi-atc, there 
are admitted to be six proportionals of oxygen : whenrp r« H9-175 : 60-825 : : 48 : to 
the equivalent of chloride of potassium. By periuriuing tlie operation we obtain the 
number 74*537. Chlorate of potassa will therefore be 74*5S7 + 48 ss 132*537. 
Nitrate of potassa is determimd by the ratio which chloride bears to nitrate, thus ac- 
cording- to the table 100 of chloride corre.'ipond to 135-636 of nitrate; and therefore 
as 100 : LSfj-nao : : 74*52/ : 101 087, wbicli will be the equivalent of nitre. Moreover 
from what has been stated (5.) we learn, that 122'527, tbe equivalent of cidorate, 
minus 101'087 the equivalent of mtrute, equals tbe diftrence between chlorine, and 
nltrogenif namely 31*440 g— and also that 101*067* minus 74*637 tbe number for 
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chloride, is the difference between one propurtiunul of nitrogen plus bix of oxygen 
minus chlwine : namely 26*560. 

61. By performing the ume method of calcubtkm inth the remiltB from the salts 
d sodium, we have as follows: 



Chloride of sodium 58*500 

Chlorate of soda lOf] fino 

Nitrate of soda 85 UtiH 

Chlorine — nitrogen 31*433 



Nitrogen + 6 oagrgen'" chlorine 26*668 

The dose accordance of these latter differences with those from the salts of potassium 
cannot foil, I think, to inspire confidence in tlie acenracy of the experiments. 

68. From these diflTerences we may readily determine the numbers for the salts of 
silver as well as those for clilorinc and nitrogen. Thus, aocordinp- to tho T;ibl«', 
132-837 of chloride of silver correspond to i57"441 of nitrate: the difVen'rue Ix-ini; 
24*604. But we have ascertained tiiat tiie difi'ercncc between u nitrate uad u chlo- 
ride is 26-56$, and therefore as 84*604 : 1S7*441 or 183*837 : : 26*566 : to the equiva- 
lent of chloride or of nitmte of silTer. Whence the nitrate equals 166*989 and the 
chloride 143*424; and ns 132*837 of chloride contain 100 of silver, therefore the 
number for silver is 107 5)70. 

63. Nitrogen will be 14 02 and chlorine 35*454. Potassium therefore is 39*073, 
and sodium 23*046. 

64. For the convenience of reference I have subjoined the numbers of these ele* 
mentary bodies in the fUlowing table ; with the numbers givm by the two distia* * 
guisbed chemists whose names I have had occasion to mention. 





TooMPMir, 




Fixinr. 


Oxygen . . 


8 . . 


. . 8 . . 


. . 8 


Chlorine . . 


. . 36 . . 


. . 35*48 . . 


. . 85*45 


Nitrogen . . 


. . 14 . . 


. . 1415 . . 


. . 14*02 


Potassium . 


. . 40 . . 


, . 3915 . . 


. . 99*08 


isodium . . 








Silver . . . 


. . 110 . . 


. . lOSU . . 


. . 107*97 



6.'). Thrse researches corroborate the conclusion.s to which Dr. Turnkr was led by 
his experimental inquiries, published in the Philosophical Transactions for 1833. 
They show tint the estimates in general use among British chemists are not the strict 
representatives of chemical truth, founded on experiment $ and that the fiivonrite 
hypothesis, of all equivalents being simple multiples of Iiydrogen, is no longer tenable. 
My estimates of chlorine and silver correspond very clo'^< !y to tfioso of Dr. TrRNRR. 
His number for nitrogen was deduced from experiments on the nitrates of silver, 
lead, and baryta. He obtained the numbers 1 4 09, 14 17, 14*3, and he adopted 1 4* 1 5 
as the mean. I have carefully re-examined my experiments, but I cannot* discover 
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anything to jmtify an altnataon of the number 14*09. Hie experimentt upon the 
comrenion of lilver into nitrate have ntiated me that 14*16 for nitrogen ti inaccnntei 

for by refereDce to the table in page 31, it will be seen that axK;ording to this number 
I should have obtained 157'546 of nitrate from 100 of silver, whereas I obtained 
157*441. The differcQce, namely, O'l, is too high to be referable to errors of mani- 
pulation, conaideriug the simplicity of the proceas employed. Dr. ToRNaa*8 numbers 
Ibr potuaium and aodium are not founded upon any experiments of his own, but are 
extracted from Bbhzbuus's Tables of Equivalents. 

fifi In conclusion, T may mention tlie several additional subjects which tlie present 
iii()iilry has elicited for investigation. I have extended the decomposition of nitrates 
into ctilorides, and chlorides into nitrates, to the salts of baryta, lime, strontiu, man- 
ganese, and lead ; bnt whether these salts are iq^icable to the determination of eqoi- 
valsnt number^ must he dedded by fntore'eKperiments. 

67. I have also satisfied myself, that the same method of investigation may be ap- 
plied to 8evi ral iodates and iodides, brotnntes and bromides. They are converted 
into chlorides by hydrochloric acid ; and the iodides and bromides may be converted 
into mtrates by nitric acid, i'hese decompositions afford excellent means of deter- 
mining the eq^valente of iodine and bramin^ and of oorroborating the experiments 
already described upon the nitrates and ohloridee. For suppose that two equal quail* 
titles of pure iodate or broniate of potassa are converted into chloride and nitrate, 
it is obvious that the quantities of these resulting salts should bear the same ratio to 
each other as that established in the present paper. The same ratio should result 
from the iodidei and bromidet^ if the experiments he oorretAly peifonmed. Oppor- 
tomty, however, will not permit me at preaent to comply the experiments nnder- 
taken upon these salts. The special care required in the preparation of the roateiials, 
the niHTibtM- of experinients to be prrformed, and the extreme delicacy nefes?;ary to 
attain li ui Ij, v ould occupy so much time, tliat 1 have deemed it better to comnuinicate 
the results already obtained, than to wait for the completion of the whole. Moreover 
the det^ would fiw exceed the just limits of adngle eommnnication. 

88. 1 have fike«dse examined the action of nitric acid upon dhknates and iodates, 
and have obtained some novel and interesting results. The procefls so frequentiy 
referred to has also enabled me to make some satisfactory experiments upon the con- 
version of carbonate of soda into nitrate and chloride, and to obtain some important 
evidence respecting the equivalent of carbon. 

89. As aeon as opportumly will permit me to resume and complete these several 
inveBtigadonsy I afaaU do myself the hmumr of communicating them to the Royal 
Society. 



Jpoikecarie^ Mall, 
Jmuuuy lOtt/1889. 

MDOCCXXXtX. F 
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III. SeteaxkuMtkeOiemktdEqtdvakiUt^CMainBoihf, HtyRiCBimPBiuun, 

Bcceiftd Jaanaijr If t^-Baad AtovMy 14. 1439. 

The late Dr. Turnbr, in an elaborate memoir on atomic weights, contained in the 
Philosophical Transactions for 1833, observer, that " Dr. Prout's hypoth^is as advo- 
cated by Dr. Tuommon, that all atomic weights are umple multiples of that of hy- 
drofoif can no longer be maintriwed,'* and fie ftirlher anert* that hypottmis ''Co be 
at varianoe with the moet exact analytic reiearches which have been conducted." 

Although the experiments of Dr. Turner, and the inferences which he has drnwn 
from them, asree very nearly with those of Berzklius, it still appeared desirable 
further to investigate this subject, and it occurred to me that the inquiry might be 
conducted in a mode not Uable to loroe of the oljgeelions whieh may be urged against 
the prooesasea usnally adopted. 

For the purposes of this investigation, I deem it peculiarly fortunate that Dr. 
Turner has adopted a whole number as the equivalent of silver, nnd on this account, 
as well as for other obvious reasons, I selected it as the basis for an inquiry respecting 
the equivalents of chlorine and some other elementary gases. 

Fkom Dr. 'DnitBa'e experimcnti (PhOoiophieal Traaaaotions, it appears that 
108 partly or one eqnivaknC of a9fer> yidd 143'434 parts of fused dikwide, whidi 
result coincides very nearly with the determination of Bbr2BLIU8. Dr. Prout, how- 
ever, has objected to the fusing of the chloride of silver, that during the operation, 
it yields hydrochloric acid, which is admitted by Dr. Turnbr to be the case, although 
he could not diaooTer that chloride of silver, that had been dried at 3(Kf , lost so much 
as a tbomandlh of Its weight by sabseqnent fusioii. 

It seemed to me that the chance of error arising from the fusing of the chloride <tf 
silver might be entirely removed, and other advantages gained, by making an experi- 
ment with silver on a large scale, with such proportions of the substances employeti 
as were deemed to be equivalents; and instead of calculating from the whole product 
of the fined cbkcldci, to do it meid^ tnm the weight of swsh •nail portioii only as 
might arise firom the diftrence between theoratical views and cacperiraental results. 

With this purpose I purified some silver by dissolving it in nitric acid, precipitating 
by a chloride, dissolving the precipitate in ammonia, again throwing down the chlo- 
ride and reducing it to the metallic state. 

I could not discover any impurity iu the silver thus obtained: I therefore dissolved 
SI 6 grains (2 equivalents) in nitric add, and decomposed the nitrate formed, by 

w3 
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adding 108 grains of pare bjrdracUorate nf ammonia dimdved in mnee. I need 
bai-dly state, that tbe migbt of the hydrocblorate was taken on the assumption, 
that this salt contains one equivalent of chlorine 36, one of azote 14, and four equi- 
valents of hydrogen 4, equal 54. The chloride of silver precipitated was collected and 
washed on a filter, but instead of drying and fusing it, it was neglected, for a reason 
already assigned. Having aicertained that the aolotion from wfaleh thia cliloride wai 
precipitated contained esceae of hydrociilorato of ammonia, I added idtrato of silver to 
it and to tht; wasiiings ; the chloride of silver thus obtained was collected on a double 
filter of Chinese paper and washed and dried ; it weighed 2 r>S p^ins, a quantity too 
small to admit nf any appreciable error from deficient drying in not subjecting it to 
fusion. Assuming that 144 of chloride of silver indicate 36 of chlorine, 2*58 grains 
will give 0'645 gndn as the weight of the eicese of cblocine in the two presumed 
equivalents of hydrocblorate of ammonia, and one half of this, or 0*332 giain, mb^ 
tracted from 36, will reduce tlie equivalent of chlorine from that number to 35*6/8. 
On repeating this experiment I obtained 2'66grmns of chloride of silver, which brings 
the equivalent of chlorine to 35*680. 

In order to bring under cfiscnasion the equivalents of other elementary bodies, I 
prepared some idtrate of diver from the pure metal ; it was twice crystallised, and a 
portion of it, fused in a glass capsule w^ghed 27 1*57 grains ; adopting the equivalent 
weights above stated, and 8 for oxyj^n, 54 of hydrocblorate of ammonia should 
decompn<;e )70 of nitrate of silver, and 86 263 of the hydrocblontte would therefore 
be required for the decomposition of the fused nitrate. 

The solutions of these quantities of the salts were accordingly mixed, the precipi- 
tate was, as before, separated said washed, and on adding nitrate of silver to the 
filtered solution and washings, 1'74 grain of chloride of silver was obtained, indic»^ 
ting an excess of 0*435 trrain of ehlorine ; nnw according to the assumed equivalenfs, 
54 of hydrocblorate of ammonia contains 36 of chlorine, 86*263, the quantity employed 
in the experiment, therefore contained 67'&08, from which, if we sobtmct 0*435, the 
excesB» there will remain 57*073 1 if then 88iJ68 f^ve 67*073) &4, the equivalent of 
hydrocblorate of ammonia, will contain 35 727 of chlorine instead of 36. This experi- 
ment was repeated with 357 34 grains of fused nitrate of silver, and 1 13*508 grains nf 
hyd«»chlorate of ammonia; the excess of chlorine was 0*7 grain, which calculating 
as before, makes the equivalent of chlorine 35*667 : t^nd taking the mean results of 
the four experiments, vis. 3&*878, 8ft'880, 85'797> and 35'667> we have 36-688 as the 
equivalent of dtlorine. 

Although Dr. Prout's hypothesis requires that the error, or the difference between 
35*688 and 36 = 0*312, should not be divided nimmgthe various substances employed 
in the experiment, it may, nevertheless, be worth while to ubi>erve to what the error 
amounts when the numbers and quantities of the elements Included In the operation 
ure summed up: th^ are 
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1 equiv. anver . 

1 eqoiv. chlorine 



108 



86, in the hydrochlorate of ammonia. 
4, one in the acid, three in the alkali 



4 eqaivB. hydrogen 



6 equivs. oxygen 
2 cqnivs. azote . 



48, one with the silver, five in the acid. 
28, one ill the acid, one in the alkali. 



14 eqiiiva. weighing . . 224 

We hav6 thus 14 equivalents of various elements, the sum of whose weig:h(s is 224, 
yet t))p mean orror, or 0'312, without allowing for circumstances which I shall pre- 
sently notice, is only at)out l-717th part of the wliole weight. It may also be re- 
marked, that omitting the silver, and considering the other elements in their gaseous 
8tale» the error in volume ^11 be comparntlvely lew then that in wdgbtj tliough it 
must at the same time be admitted that this diflhrenoe ie derived from the greater 
density of chlorine than of tlie otlier gases. 

1 equiv. chlorine .... 36 ^ains = 46 cubic inches, neady. 

4 equivs. hydrogen ... 4 grjiins = 180 cubic inches. 

6 equivs. oxygen .... 48 grains = 139 cubic inches. 

3 eqnhrs. aaote .... 38 gndns as 93 cubic inches. 

Total 464 cubic inches. 

The weight of chlorine in error being, as already mentioned, 0 312 graittj or about 
U-4 cubic inch, is only i-1 160th of the whole volume of the gases. 

I have amy reason to beUeve that M the snbstaiieee which I osed in the catperi. 
meats above detailed, were of the greatest degree of purity; but I nay observe that 
the admixtures most likely to occur in any of them would increase the quantity of the 
chlorine, or diminish that of the silver ; and any substance producing either of these 
effects would erroneously diiuiuish the equivalent of chlorine by increasing the 
we^t of the precipitated ohloiide of sQver, assraned to be derived from the error of 
the theory; thoe hydrocfakwate of ammonia alwaya ooatains snffident excess of acid 
to redden litmus paper, and any moisture or foreign metal wliieh the nitrate of silver 
might contain would produce corresponding results. 

From these experiments and considerations I am of opinion, that no material, and 
scarcely even any appreciable error can arise from coosidcring the equivalents of 
hydrogen, oxygen, azote, and chlofine, as 1, 8, 14, and 86 rsapectivdy. 

The spenlie gravi^ of oxygen and aaole may be obtained 1^ oompating their equi- 
valent weights with the composition and density of atmospheric air. The mean of 
various experimental results of the weighf of lOO rnhir inches of air is about 31 
grains, and this agrees very nearly with tl»c determination of Dr. Phout. Now if 
pure air consist of 20 cubic inches of oxygen and 80 of azote, or of one equivalent of 
oxygen and 3 equivalente of asot^ the wdgbts of which are respeetively 8 and 14, 
the SO cubic inches of oa^gen wOl wdgh 0^ grafaM, and the 80 of aaole 34*08 grains. 
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giving 30"96 grains as the weight of 100 cubic inches of air ; if, as more commonly 
admitted, air consists of '21 voliunes of oxygen and "9 of azote, we shall have 7*224 
grains as the weight of the oxygen, and 2377^ as that of the azote = 31*003 grains 
M tbfl weight of 100 oifaio Incbei of i ekber of IImw ditanaimitioiiR Is ■nffiekntly 
noBT to ahoir, that we caiiiiot be iar wroiig in eetimatiDi; the weight of 100 cubic 
inches of oxygen at 34*4 grains, and the same volume of asote at 80*1 giailM; and 
the weight of the equivalent of hydrogen being ^ that of oxygen, and its volume twice 
as great, and the equivalent of chlorine being to that of oxygen ^ 36 to 8, while their 
volumes arc equal, it follows that 100 cubic inches of hydrogen and chlorine will 
weigh respectively 2*15 and 77^ grains, and fhe denrity of the four elonentaiy gases 
in question, compared with air ss l, will be 

Hydrogen OD0086 

Azote 0-97097 

Oxygen 1-10968 

Chlorine 2*496/8 

On comparing these densities with those stated by Professors Thomson, Turner, and 
GsAHAM, it will lie observed that tbey are less than those given by Dr. Thomson, 
which is aooonnted for by bis hsTing assumed that 100 cubic inches of air wdgb 
31*1446 grains, while they vary, but not very materially, from the weights assumed 
by Professors Ti xNKBand GBAHAH,in Iwingin some cases rather lighter and in others 
somewhat heavier. 

• Tbom»om. TuMBk. Gbabah. 

Hydrogen .... 0*0094 . . . 0*0090 . . . 0*009 

Aioto 0-9722 . . . 0*9727 . . . 0*970 

Oxy^m rilll . . . M025 . . . 1*1020 

Chionne 2*5000 . . . 8*4700 . . . 2*470 
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IV. O^HrvaHont on the ParaUd Roads qfOkn Mojft md other parts Loekaher 
mSeatiaai,wUh aa attempt ioproet that thsjf are <jf taaiiae origin. Bjjf CiUBUia 
Dakwim^ Esq., Mji, FJLS. See. Q.S. 

Raarircd Jmuuf ITAit-BmI WOnuf Mi, 1889. 

A.FTER the two elaborate memoirs which were read nearly at the same time, before 
the Edinburgh Royal Society and the Geological Society of London, by Sir Thomas 
Laudbr DtcK and Dr. Macculu)ch, on the parallel roads of Gka Roy and the 
neighbouring valleys, any detailed account of the physical structure of that remark- 
able district would be saperflomn. But from the e»»dlence of these papers and the 
high authority of tbdr authors, it is necesmy carefuUy to consider the theories tbef 
have advanced, — a necessity I feel the more strongly, from having been convinced 
during the few first days of my examination of the district, that their conclusions 
were impreg^nable. Moreover the results to which I have arrived, if proved, arc ot h>o 
much greater geological iinportauce thuu the mere explaining the origin of the roodis, 
that I must bef to be permitted to enter into the subject in detail. 

Section L—Deser^ptim qftha Shakes. 

The paralldi roads, shdve^or lines, as they have been indifferently called, are most 
plainly developed in fJlen Roy. They extend in lines, absolutely horizontal, along the 
steep grassy sides of the mountains, which are covered with a mantle, unusually thick, 
of slightly argillaceous alluvium. They consist of narrow terraces, wliich, however, 
axe never quite flat like artificial ones, hut gently slope towards the ysSkft with an 
average breadth of about sixty feet. There are only four shelves which are jrfsM^ 
marked for any considerable len;?th ; the lowest one according- to MAcct:LTJ>CH is 
972 feet above the sea; the next above it is 212 feet hidicr, and the third, eighty- two 
above the second, or 1266* above the sea; the fourth occurs only in Glen Gluoy ; 
it Is twelve feet h^jher than the third. I shall ttiBr to them dtber by tbeir ahao- 
late altitude, or as beinf the upper or lower one in the part under description, and 
not as first, second, or third ; for it will be hereafter seen that otheis occur in 
every respect similar, only less plainly developed. 

It is admitted by every one, that no other cause, except water acting for some pe- 
riod on the steep side of the mountains, could have traced these lines over an exten- 

* Some rude measurements which [ made with a mountua barometer Icftd me to suspect that these altitudes 
weatbMt skaaAnd tet toogntt. ttta aota paintaf ujiBparlaMe irilkvetpMt tofbettHijiiif the 
M^ia of On ibdm, bnt I R|nt tfait I U aol fCfUy tlMir hc^ 
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sire district Hie dark line in the accompanying wood-cut (Na 1.) represents the 
real profile of a shelf, and is copied from MACCULtocH. To this I have added two 
imaginary lines, of which tlie broken one gives ttte supposed original form of the 




A B mippoK^d arigiod mnhet of toak} C B line of ahdC; C D H IIdb of didf lAca o^Mdeil into « but* 

trejs or U-tract. 

underlying rock. T\)v formation of the shelf, as may be here seen, is chiefly due to 
the accumulation ut matter in the form of a mouiul, unly very slightly projecting be- 
yond the general slope of the moontain, and partly to the removal or corroikni of the 
aoKd rock. The latter elfeet, although wdl mavked in some porticnlar ^pots, cannot 
generally be distingnisbed, and the shelves no doubt are chiefly due to the accomala- 
tion, and not to the removal of matter. In this same diag^ram (1.) the covering of 
alluvium is represented as thicker gome way below tiie shelf, than at the same 
distance above it. I bdieve this is generally the case, and hence the projection of 
the shelf is often veiy obscure; and when two or three occuri one below the other, 
their ontline doedy approaches to that represented in woodpcut (2.)- BIaccduach 
will scarcely even allow that a shelf in any case forms a projecting^ mound ; but 
this certainly is incorrect, and is indeed contradicted by his own htatemcnts, and by 
that implied in the comparison of the shelves with the beaches of lakes, wiiicli liave 
been suddenly drained. The dMlves oitirdy ifisappear, where oroB^ng any pait of 
the DKnmtaina in which the bare rodt is exposed « for loose matter cannot accumulate 
thev^ and the rodcs themselves from their laminated structure do not readily be- 
come worn into any re^lar form. They likt u iso disappear where crossing any part 
which is gently inclined ; for their own slope tlien coincides with that of the al- 
luvial covering, and cannot be distinguished tVum it. 

The doited line in the wood-cut (No. 1.) ii supposed to represent the broader ter- 
races, or even plains, of stratified diingle, sand, and mud> with which the ehdves 
often become united. These terraces do not differ from the sbdves in any one esien- 
tial point of structure, but are much broader ; and as the matter of which they are 
composed is in much larger quantity, a rude kind of stratification may be generally 
observed. Tb^ occur only where the bottom of the valley in its gradual ascent 
rises ncafty to the level of a ahdf, m at points on the bill-sides, where it is probable 
that the streamletB fermerly brought down much detritus to the ancient beaches. 
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Sir liAtrDBB Dick has observed* tbat the shelf infallibly intersects the head of sucli 
terraces or buttresses : this certainly is the case (as in diagram I .') with all the smaller 
ones i and, therefore, we may infer tbat their formation dates iwm the period when 
the «helf was a beach. But at the bead 4^ tbe greater valleys, where the supply of 
mattar must have been more abuidaiit, and where the dope of the land waa highly 
favoarable to its accumulation, the line of shelf sweeps across and blends into a plain, 
which has an uniform slope upwards and downwards above and Ix-low tliat Ipvrl 
Therefore, when tlie water stood at any one of tlie shelves, tliere were many little 
deltas which did not rise alxn'e itj> level, but some greater ones thut were continuous 
with an upward slope of riiingle, filling the bottoms of the main vaUeys-)-. 

The shdvea are chiefly composed of the same kind of allavinm with that covering 
the whole snr&ce of the mountain ; and thqr seem to have been formed, as suggested 
by Macchi t^x M. ))v the eheck given to the downwai*d desseent of ordinary detritus, 
and that transported by torrents, at tbe level of the ancient waters ; I could perceive 
no difference in the nature of the allovinmabova and below the upper shdf, as stated 
to be the case by Sir LAUoaa^. It contains feww wdl-4tmnded pebbles at the greater 
beigfats than would have been expected on any theory of the origin of the shelves ; 
but thpy are abundant in the lower and broadef parts of the valleys. Nevertheless 
where there is anv level spot at the heiglit ol tbe upper shelves, well-rounded pebbles 
may generally be tuund, as ou the summit of a rounded h'lU, ur a flat little strait 
separating some hillock from a line of shelf (fbr instance near Craigdhu, on the summit 
of Meal Roy, and between Uf^ier and Lower Glen Roy). In these cases the pebbles 
must have been almost exclusively formed by the action of the currents and waves of 
the former expanse of water. They are frequently derived from rorks not found in 
the immediate vicinity : erratic bouldei'S also are scattered over ttiese mountains. I 
state these £u!ts distinctly, because Magculloch says§ tbat the composition of tbe 
alltti^nm of the upper shelves Is udMfy different Aom that covering the ddea of the 
broad vdleys ; whereas the diftrenoo is only one of degree, for whldi numy causes 
might be assigned. 

I have already observed, that the quantity of solid rock worn away on the line of 
any shelf is not usually great. At the narrow entrance, however, of Loch Treig (of 
which a drawing is given by l^rLAVO«aDicK),oii the west side, which is very steep, 
tbe gneiss is worn into smooth concave hollows, the peculiar curves of which, though 

* lYamaotioiia of Am BduVurgfa Royal Society, yd. iz. p. II. 

t These 8tatemeiito« fimnded on what I saw in Olen Collarig, wh«re die bwer shelf (the 972 feet one) 
blends bto a akxp*, now rendered irregular by the action of the torrents, which rises (at the gap) to a height 
of more than a hundred feet above the level of the shelf. Again, near the head of Lower Qlea Roy, the seam 
shelf blends into a similar kind of plain, wlnob rise* (at the baae of a ternsoe, projeotiag fim Hm MKt alidf 

to it.) ninety feet (barometrically measured) above the level of tbat rh'Af ta -whifh it may be said to belong. 
In the cast arm of Glen Turet, tbe upper shelves in a like manner terminate in slopes, which rise above their 
pnpcrlnih. 

J ncolop:ical TranBactions. vol. iv. (First Series), p. 9S0-4S8, nai S87. 
i Edinburgh Royal 'I'ransactioQS, vol. is. p. 12. 

Mncocznnc. o 
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th^ cannot be deaeribed, may be readily imagined by oalUng to mind the form of 
rocks washed by a water-fall. This vm^ the only one spot where I could observe 
this appearance in fin nnequivocal manner; but this one point of ix»ck would to my 
mind carry demonstration with it, even if there were not innumerable other piouisi, 
tbat the water had remiuned at the level of the 973 feet ahelf for a very long period*. 
On the oppoflite side of the entrance, or gorge, which here slightly bends before 
entering Loch I'reig, the shelf expands into a line of terrace. Standing on the pre- 
cipitous and watcrworn mr-ks, it required little imagination to go back to former 
ages, and to behold the water eddying and splashing against the steep rocks on one 
side of tlie channel, whilst on the other it was flowing quietly over a shelving spit of 
sand and graveL The only other and rather difibcent case of walerwom rodt, which 
I ttOtloed* was at the head of Lower Glen Roy (pointed out by Sir Laudeb Dick), 
where the sumniits of some irrcgnilar hummocks of gneiss on a level with the upper 
shelf were obliquely truncated by a smooth surface. I hnw frequently observed a 
similar structure on the rocky shores of protected harbours, harge fragments of rock 
are scattered rai most of the shdves, of which many are of gvaidte, and have craie from 
a distance^ as will presently be described ; the greater number, however, have merely 
rolled down from the heights above. Of the latter, some havefidlen recently, whihvt 
others are waterworn, as if they had l^n for centirries on a sea coast; and it was In 
many cases easy to point out, whilst walking along the level shelf, which fiagments 
had been washed by the ancient waves, and which had &llen since. 

Sir Lavdsk Dtov has observed, and the fsct is very important, that the head of 
Glen Gluoy is separated from the head of a [)ranch of Glen Roy by a flat land-strait, 
with which the shelf in the former glen is exactly on a level; SO that if Glen Gluoy 
were filled with water to the /uii level of its shelf, or a few inches above it, besides a 
great barrier at the lower end, a little mound, perhaps a foot or two in height, would 
be required to prevent the water flowing into Glen Roy. In the same manner if Glen 
Roy were closed at Its lower end, and if water stood at the level of the npper shelf, 
it would tri( 1 1 into the valley of the Spey. The same thing M'ould happen with the 
lower shelf at the head of the valley of the Spean; and lastly, a short shelf, which I 
discovered in a gully, which enters the Caledonian Canal near Kilfinnin-f-, between 

* After the elaborate ugniMiita glMii if Umotuocb. to ilww that no awddn nnb «f wtbUt ot dcbade, 

could have formril the shtlvw, I should not have offered any remarks tm this point, had rsot so distinguiBhed a 
person a« Sir GeobgkMackexzib (London and Edinburgh Philotophical Magazine. December 1835,)aaggMted 
fliwkiiihirpodieab.witlunit, however, it kfidr to add, Back of th* tw thonMRd 

pebblcB, ■which together form any one buttrew or little delta, and wliieh, it is evident, were aeciimulated by the 
action of one atxctunlet, at the tpot where it eotored the eipanse of ancient water, — each of these pebbles re- 
qoired time for its attrition.— each now plaittly apaaka againtt neh an hypotheeia. 

I I ^vas informed, but whether curreetlj- I do not know, that the hamlet (in tlie middle of which there u a 
mound with a roiud tower on it,) on the oppoaite tide of the valley, and a mile or two aouth of Inrerganr. 
waa naned KiUmmi. I therefeore ahall denontiiBte the anuU stream wUch flom towaida tiie Cahdoohai 
Canal at that point by this name. In the same manner I shall call tba haga atnam ytHA dabonghea by H»- 
bercalder, and it* raUey. by that name, not having hcen able to leant aoj mora jmpc obb. 
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Loeh Oich and Loeb Looby, is in a similar nuumer on a Uneirith a peat moos, form- 
ing the watershed Imtween it and anotiier small valley. These four cases are so «e- 

markable, that the coiDcidence of level must be intimately coDnected with the origin 
of the shelves; although such relation is not absolutely necessary, in as mach as 
the middle shelf of Glen Roy is nut on u k vei with any watershed. Sir Laudbr 
enfeatons to explain tliis ftct by supposing that wlien the imaginaty barriers of 
bis separate lalces were perfect, the water flowed firam that end of the g^en, whidh is 
now hfgliesti in other words, that tlie draimige of the supposed lakes was in each 
case in a reverse direction to that of the streams now occupying their beds. This view 
implies, moi-eover, the strange accident, that, during the breaking' down of the bar- 
riers, the part that was originally lowest always remained standing, whilst a higher 
part gave ways and thus the removal of tlie barrier must l>e supposed to bave hap- 
pened from the efltets of some causes no ways analogoos to the wearing down of the 
mouths of lakes as they ordinarily exist. 

The stractnre of these land-straits mu.st be now described. This has already been 
minutely done by Sir I.<auder with respect to that one which connects the sources 
of Glen Gluoy with those of Glen Tnret, one of the arms of Gkn Roy. The only 
additional obeervatlon which I have to malce, is that the strait is broad and very 
level, and that on one side I noticed a beach, Bke that on a sea shore, of wdUroondad 
pebbles. Tho accounts given by MACcuLi^rH and Sir LAt'DER of the division of the 
waters of Glen Roy and the Spey differ in sotue essential points. The latter author 
states that the upper shelf of Glen Roy is on a level (excluding the peat-moss) with 
the flat where the waters divide. This appears to be aocuratdy the case, as for as 
the mountun barometer (which stood at the same thousandth of an inch on the two 
stations) and my eye could be trusted. But on the north side of thr- ^\Tlt(■r<<hed there 
are patches of little terraces about fifteen feet above this level, resembling those which 
in other parts are connected with shelves, and hence probably iiaviog a similar origin 
irith them. On the hillside higher up, other obscure patches of alhivinm occur with 
somewhat amdogons fomia. The water of the Sp^ first flows down a gentle mossy 
slope eastward, and is then collected in Loch Spey. On the south side of this loch, 
there is an obscnre line of terrace, which appears to be al)ont sixty feet above the 
loch, and which doubtless led Maccuujucu to suppose the upper shelf of Glen Roy 
was that number of fost above the division of water. The terrace above Loch Spey, 
as for as I could judge by the eye without a levelling instrument, is horiaontal, and 
may perhaps be traced along the south side of tiw watnrshed, even a short distance 
within I 'pfif r (}\en Roy, where certainly there occurs a mound parallel to and above 
the upper shelf. I much regret I was unavoidably prevented from examining this 
locality with all the attention it deserved, fiut from the structure of the small ter« 
races, it appeared to me certidn that water must for a period bave occupied a level 
above that of the highest shelf of Glen Roy ; and likewise that fragments of a shelf, 
or line of terrace which as for as the eye could judge was horizontal, extended within 

o2 
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the basb of the Spey, and therefore htywi tiie limits of the luppoeed lake of Roy. lliis 

latter fact is, at least, certain, tar I have since learned, through the kindne&s of Sir 
DAvrn BnF:\v'ftTER, that he has seen, as will he hereafter mentioned, shelves resembling 
those of (ilen Roy at two points, at a diiitance uf several uiiles duwu the valley of the 
Spey. The watershed at the head of the valley of Kilfinnin, has precisely the same 
chuacler with the for^idng caees : here also a flat-topped buttress projects on ooe 
side above the level of the shelf, and this seems to indicate, as in the fornier easOithe 
presence of water at a level rather above that of the shelf itself*. 

The division of tlie waters between most of the glens and ravines in this district, 
in situations where no shelves occur, does not take place on a sharp ridge, but on 
levelj and often broad land-strait8» similar to those just described. I may instance a 
long one (at an elevation of between 1400 and 1600 feet above the sea») sepamting 
two branches of the water v l.i, !j flows by Habercalder into the Great Glen, and one 
branch of the Tarf Water. Again another one nearer Fort Augustus, separating' the 
two lowest and nearest branches of the same two rivers ; here also there were ob- 
senre battiesses on each side above the level of the watershed. An intdligent 
diepherd who aocompanied me, remariced that this torn of tbe land was common 
wherever the waters in this mountainous country divided ; and I observed several 
instances of it. Finally, I may remark, witlnnu M-i-^hing' to lay any g^reat stress on 
the argument, that tiiesc Umd-xtraits, whether connected with the slielves, or not, are 
precisely what might be expected from straits, properly so called, between aruts of 
the sea being laid dry. 

The discovery of any shelf, beyond the linuts where they bad been hitherto observed, 
being evidently an important point with regard to tbe theory of their origin, I shall 
fully describe the follow ing case. At the head of a small stream which joins the 
CaledoniuD (Junal, near Kilfinnin, and which is divided from tbe waters of the Haber- 
calder by a flat mossy watershed already aHnded to, some fragments of a shelf occur 
on the nordiern side. This sbelf resembles in every respect those in Glen Roy ; it 
seemed, as I walked aloug it, perfectly level, as it likewise did, when I viewed it from 
either end, and when I cros'^cd the valley. I then took several tncasnrements at the 
most distant points with the mountain barometer, and the mercury stood within the 
same hundredth of an inch. On tbe northern side of the valley, the shelf, which com- 
mences on a level with tbe mossy plain dividing the waters, extends for about a 
(juarter of a mile almost continuously; it is then lost from the number of fragments 
of rock which have fallen down the hill, but reappears at the distance of more than 
half a mile from its commencement under tlie form of two or three little buttresses?. 
These I ascertained by the Ijarometer to be on a perfect level with the commence- 
ment of the shelf, or the watershed, a dreumstanee which was also apparent by the eye 
alone. The line further on disappears from the rockiness of tbe sides of the valley. 

• The pass of Nfuckal,deMrilMdb]rSir LAinii.iiUA9qpu«tntli« wvtmof theSim 
the SpqTf I did not mit, 
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On the south and opposite side of the valley, a broad sloping terrace extends at a 
correBpomdiny krel for about three quarters of a mile, but is iadiatinot owing to the 
geotle slope of the mountain. Farther on it leens modelled into mwe than one 

terrace : and tfu .se, though obscure, appear to a person standing on them perfectly 
horizontal. Althouirfi t)ie tei races are not plainly developed on this side, yet it is 
certain, that borizoutui aiounds, at nearly the level of ttie watershed, extend about 
two miles on the Ihce of the inonntMn. With respect to the sbMlute elevation of 
thb Bhelf, I made it zboot forty feet above the upper one of Glen Roy, and 1 130 
above Loch Locby, or 1202 above the sea : but niy barometrical observations have 
no pretensions to accuracy. After liavinjj observed this shelf from so many points of 
view, I am prepared positively to assert tliut it is in every respect as characteristic a 
shelf as any in Glen Hoy ; and although the fragments of it do not extend over more 
than, perhaps, half a mile in length, ItR origin mast be as careAilly attended to in any 
general theory of the formation of the shdvei, as if its length had been twen^ times 
as great. Its want of continuity atid shortness po^^fs'?, indeed, in themselves much 
interest, because we thus know that those causes uiiicti have marked witli horizontal 
lines the sides of the mountains of Glen Hoy in so wonderful a manner, have been in 
action here, though they have produced but little effect. Moreover, we see that if 
the surlhcs bad been originally rather more rocky, or had been less steeply inclined 
than at present, or had been subjected to a very little more alluvial action, all evi- 
dence would have been obliterated of the extoosion thus for of the action of these 
causes. 

I have already alluded to the important fact communicated to me by Sir David 
BaBwsTBR, namely, that he has seen shelves in the valley of Uie Spey. At Phones, 
which is dtuated about a mile from the Trulin, and about five above its confluence 
with the Spey, one broad and well-marked shelf occurs, along' which a carriage can 
be driven. On the banks of the »Spey, about twenty-five miles below its source, two 
shelves occur in an elevated angle between the Burns of Belleville and the river. 
They are small; the upper one, however, is very broad; and their elevation is 
about 800 feet above the sea. Sir David Brbwstbr says, that the shelves in both 
places appear horizontal, and that they resemble those of Glen Roy, though pos- 
sessing far less grandeur -nul svrninetry. The fact of their occurrence at these dis- 
tant points is, as we shall hereatter see, highly important. 

Section II. — The 7%eor£w ^iSb* Laudbs Dick sn^ Dr. M acciuxoch cumdertd. 

Sir Lauder believes that a separate lake existed in each valley, where we now see 
a shelf, and was separately drained. In Glen Roy, where three shelves occur, 
all plainly developed, (with the exception of Belleville, this is the only place where 
more than one has been observed,) the arguments in fovour ot a separate lake possess 
the greatest force. Vi^thoat entering into any description of the physical features of 
Glen Vtof, inspectilon of the accompanj^ng map, taken mth some fow alterations 
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from tbat of Sir Lavmh Dick, will show the eoone of the ehdyes ; although they 
cannot of coone be feUowed neariy lo eontimioiMly in nntare ai here repreiented. 

The lower one (972 feet above the tea) is common to nearly flie whole line of the 
Spean and Glen Roy. The two uf^pcr shelves are confined to Glen Roy, with the ex- 
ception of those short portions extending into Glen CoUarig. It will be seen that 
both these Ifam, if eontlnned ronnd tiw bill of Bohantine (at ttie joastem entrance of 
Glen Roy), woold Insulate it, wUist the lower shelf only £Mrais it into a peninsnla. 
From this structure it will be evident, flu' in order to form Qlen Roy into a lake 
at either of the two upper levels, it would be necessary to erect two barriers, one 
across Glen CoHarig^, and the other prineipal one across the mouth of the Roy. 

The lines are here represented ab if abruptly cut oil, but this is not so; and the 
foltomng remaik holds good in other cases, namely, that where a shsif terminates 
widiont any visible change in the nature of the slope, such as being rocky, &c., its 
disappearance is so extremely gradual, that it can be traced, sometimes to a furtlier 
and sometimes to a lesser distance, according to the point from which it is viewed. 
Of this fact the shelves on the south-east side of Glen CoUarig offer an excellent ex- 
ample. In the map, the extremities of the lower of the two upper shelves are re- 
presented at the four places where they terminate, as ext«u]ing beyond those of the 
upper one. I State this on the authority of Sir Lauder Dick with respect to those 
in Glen Roy, and it is conspicuonsly the case with that pair in Glen CoUarig which 
I have described as disappearing in so insensible a maimer. The lower line can 
there be traced, though faintly, to a point below the houses of the glen opposite a 
small tributary torrent, and tbnrefore considerably bqrond (or nearer the mootii) than 
the point where the 972 feet shdf crosses the bottom of ttie valley. Observing in Glen 
CoIIarig the gradual disappearance of citlier set of lines, and that there is not the 
smallest apparent cause for it in the nature of the ground, the first and obvious sup- 
potiilion iti that a sheet of water extended from the Spean iutu Glen Roy and CoUarig, 
and that the mere widening of the months of tlie Iatt«, as they approached the less 
protected expanse of the Spean, gradually became unfavourable to the accumniatlon 
of detritus, and therefore to the formation of the shelves. This view is greatly 
strengthened by the extension of thf lower line in each case beyond the i)i)per; for 
of course the supposed unfavourable condition for their formation, that i&, the too 
great breadth and exposnre of the sheet of water of which they formed the beach, 
would affect the Bne when the water stood at the higher level to a greater distance 
from the main expanse, or further up the valley, than when it occupied a lower level. 
It may, however, be argued (and on the hypothesis of Glen Roy having existed as a 
lake it must be so argued), that as the higher line is the oldest, so its terminal por- 
tion may soimeit have yielded to those causes wUch modify the surface of the land. 
Tliis vicnr, however, receives little support from an examination of the rest of the 
glen, inasmuch as the two shelves thnnigh its whole course are in a state of equal 
preservation. We must therefore conchidei, either that we now behold the shelves 
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pneMfy ai th^ were left by the sheet of water, or that if the two i^per ibdves did 

originally extend for an equal length on each side of the two glens, that the causes 
which tend in a small degree (for the existence of t lie shelves proves that no great 
changes have taken place) to smooth the surface, have acted over this district with 
the most perfect wi^ermfy. Moreover, it may bo remarked, that wherever a stream- 
let crosses a shelf, and it is probable from its sise that it formerly delivered detritus 
to the ancient expanse of water, dtht r a gi enter breadth of shelf or a small buttress 
th^re, rif tests tliat it was so; and in doing this, likewise attests how perfectly the 
surface of the land has been preserved. Now I paid particnbr attention to the fol- 
lowing observation, namely, that on both sides of the hill uf Bohuntioe, and on the 
opposed moontains, where the shelves terminate, there was not the smallest cliange 
in the eompositiOD or in the outline of the smooth rotmded suriaces. Yrt it is in this 
very s['ni-, M-here the lines insensibly disappear, — on these very hills, where the little 
deltas ot the ancient streamlets are still preserved, — T;\'ithin this very district, where 
in the extension of the lower shelf beyond the upper one in the four cases, wc have 
the most satisfactory proof of the action of absolutely umform causes, cither in their 
ibrmation or in their obliteration ; it is here, where the slope of the tarf^mvered hills 
is unbroken, whei*e there is not a remnant of any ]irqiecting mass, that we are com- 
pelled by the theory to Ix-lievr that the two enonnons barriers stood, which formed 
Glen Hoy info the iniafritKu y Loch Roy. 

But as it is highly important to show that such a Loch could nut have existed, we 
must fbr a time, in the feoe of these great dlfficnltics, suppose the two barriers to 
have been ereoled. It may be first remarked, that from tlw eatension of the middle 
shelf, the barrier in Glen Collarig could not have occopied the only one place, which 
the structure of the ground indicates, even in the smallest degree, as probable, namely, 
at the Gap, where tlie waters divide; but it is necessary to suppose that it ci-os^ed 
the glen at a point some way distant from the Gap, and where the valley has a depth, 
below the upper shdf, of more than 800 feet. Glen Hoy htSng now converted into a 
Uke, with its drainage reversed, that is, with the water flowing from it by the Sp^ 
to the east coa.st of Scotland, let one of the two barriers, we will say the smaller one 
in Glen Collarig, give way from the etTects of an earthquake or other cause. The 
lake will now stand at the level of liie middle shell^ the barrier having given way 
eighty-two feet vertically. Again let it burst, and this time rather more than 312 
feet vertical must be swept away, so that the larger lake, supposed by Sir LAunaa'e 
hypothesis to occupy the valley of the Spean at the level of the 97^ feet shelf, 
might send an arm a little way up the glen (as shown by the shelf now existing 
there) above the point where the barrier stood. Let all this have taken place, 
but still a barrier nearly a mile long, and 800 feet b height, is left standing across 
the mouth of the Roy. Must we suppose that each time the barrier in Glen 
Collarig failed, the one in Glen Roy gave way the same mmtcr qffiet through some 
strange coincidence? or ne we to conclude that some awfnl catastrophe at sub* 
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sequent times, unconnected wltti the diainage of the lake, which must have passed 
through the hreach already opcnc l, tfrnoved the second barrier (either part or all of 
it) when abovf^ n ntn\ without ha\ iiig It-ft the smaHest remnant of it, or having dis- 
turbed the smooth ailuviai covering of the 8teep Hlopeii t The 972-fcet tihelf in com- 
non to the Tallqr of the Spean and Glen Roj» and ]» nippoied to have been formed 
by a lake» the harrier of wbidi, tome miles in length, extended near Highbridge 
across the mouth of the Spean. This shelf passes uninterruptedly, and with its usual 
breadth, on both sides of fJleii Roy and of Glen Collarig, in the very part where the 
barriers of Loch Roy, if they existed, must have crossed the valley } therefore the 
whole, or part of the great base of tboee enormous barriers, most have been swept 
away when snbmei^ged within the bosom of the imaginary Loch Spean ; and this 
mnst have been so perfectly eHieeted, that no trace of them is left on the smooth 
slope of the hill, not even by a greater breadth of the shelf, any more than in the part 
of the second barrier, which must have been removed when above water*. And all 
this is supposed to have taken place on thu hills, wliere 1 huve shown how wunder- 
fully the features of the land haTe been preserved, and where the booidecs which 
were washed by the waves of the ancient water can be distinguished from those which 
have follen since. In conclusion, therefore, I do not hesitate to affirm, that mora 
convincing proofs of the non-existenre of the imaginary Loch Roy could scarcely 
have been invented, with full play given to the imagination, than those which are 
mariced hi leglbla characlsn on the free of these failb'f. 

The same reasons winch render the existence of a separate lake in Ghm Roy so 
excessively improbable, appfywith only little less force to each of the imaginary lakes 
in the other glens We are, therefore, in giving up Loch Roy, involuntarily driven 
to the theory advanced by MACcn i orn, namely, that all the valleys in wiiicli shelves 
occur were included in one large lake ; but we shall thus run headlong even into 
greater difficnltles. First, from the structure of the mountains, fimr immense bar- 
ricrs are required to fonn the bdte); namdy, one low down across the vall^ of the 

* I have not diongbt it worth while to enter into all poMiblc cases of this bypothmia. but bare merely 
taltcn the most obviona one, which wta assumed by Sir LAVoaa. If any one has the boldneca to come forward 
feooi the obscurity of past times, and state his belief that the broad barrier of the Spean was erected aa veil 
removed filtojicthcr subsequently to the rcmova] of the two bnrric-rs of Gkn Roy, then thf o1ij\ttIun from the 
umform breiulth of the 972-feet shelf, where crossing; the spot which must have been occupied by the bairier 
of LodiRof,lu«lm«eiBlii|»lNrtdM«dm]Mrt«(dMiiigweBtK^^ Ag^ on lb» liypolhMb in 
the text, I hnve not entered into all the jmip-^Wp ri!tr-rr;ntive« of the manner in which the. ba-xc? of the I^ch Roy 
berriera might have been removed, either when Loch Hoy itself, or when Loch bpean was drained, or at some 
NbieqaentTCliod bjr vaknown cnm eooBHted wiOi fhe dninige of the iu^iiHiy kkea. 

t It should be remembered that it is far cauer to assert than to dispmvc. If to oxplain some phenomenon it 
was stated that the Thames near Loodoo was formerly croMed by a barrier some huudted feet in height, of 
ifUehikmsaotimteBded* vealiga nov mudned. It b difltenlt to uMgiae irtitt Idnd «f eridenee would be 

loffiririit to prove the hypothcsi.« false, aa long k» nnv one was fmwiil willinE^ to admit such nn assumption. 

i I may add, the same number of banrieia are requisite, whether we suppoac the existence of one. two, three. 
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Spey, two at distant points across the Qreiift Glen of Scotland, and a fourth across 
the modtli of Loch Eil, the last being necessary, as Macculloch shows*, from the 
stracture of the Greut Gkn in tliat part. It may be safely asserted that more im- 
probable situations could hardly be imagined in the whole of Scotland. It is perhaps 
iisdm to ask, were tiie bari^ composed of rock or alluidain? if of the former, 
th/ej were tnmsTene to every line of hill in this part of tin ooantry i if of aUnriiuii, 
we roust assume an unexampled case ; for where in the whole world shall we find 
even one barrier a mile and upward in Icnj^h, and 1200 feet high, composed of loose 
waterworn materials ? Secondly, the theory of one large lake does not explain in a 
satisfa^oiy manner the remarkable coinddenee between the shelves and the water* 
sheds. Thirdly, when by the bnrstingr of any one <rf die barriers, the level of tbe lake 
had fallen from one shelf to another, the hypothesis requires (as with Loch Roy) that 
the three other harriers, nmvhif^fh and dry, and distant many leagues from each other, 
should have been swept away by some unknown power, acting by some unknown and 
scarcely conceivable means, from tbe smooth sides of the mountains, without a rem- 
nant of them having been left ; so that Maccuuxxm evna ftankly confessee one part 
is almost as probable (I would say improbable) as another fbr tbe powtiim of tbe bar* 
rierS. And it should be borne in mind, that these extraordinary forc^ are supposed 
to have acted on the outskirts of that large rne;!, f liro(!«:!ioiir n h"rh we have proofs, 
most wonderful and unequivocal, of the entire preservation oi tlit; surface of the land, 
as it was left at a period long anterior to tbe removal (if such removal ever did take 
place) of tbe barriers of tbe lower lakes. I do not hesitate to assert that this <«e 
difficulty, even by itself would be sufBdent to refhte the theory of one great hike: 
Sir Lauder's theory has been shown to be equally untenable. It is perhaps here 
almost supernuous to add, that the discovery of the shelf at Kilfinnin (and probably 
likewise of those in the valley of the Spey) increases every difficulty manifold ; for 
tbe valley of Kilfinnin is almost as wide as it is long, which affects one theory, us the 
kwness of the opposite dde of the Great Glen docs eqoally the otlier. Finally, then, 
la giving up both, the conclusion is inevitable, that no hypothesis founded on the 
supposed existence of a sheet of water confined by btirrh rs, that is, a lake, can be 
admitted as solviog tbe problematical origin of the " parallel roads of Locbaber." 

Section lU.— Proofs ^ ike relreat qf a hod^ ^ teattrjirom ike cediral parts tfScai- 
land, and ihat this vaater was thai ike sea. 

Having now dlsoused these views wltidk cannot be admitted, — a method of rea- 
soning always most unsatisfactory, but necessary hi this instance from the high au- 
thority of those who have advanced tliem, — I will consider some other appearances. 



«r as aaaj lakes as gleas; and the argoment agaimt Maccvuoob's hypothesis of oae lake, and agaiost that 
gf die iqnnta like* hf Kf liaviHiB. aie appfiBilib to any bypodiMU requiring aa ialWililiUi miaite. 

* OMl(«iial ItaDHfltiiina, tcL ir. p. S7S. 

MDOCGXZZIX. H 
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which will perhaps throw light on the origin of the flhdves. The ytSk^ of the Spean, 
from the point where it joins tiie Gnat Glen of ScotUtnd to where it receiyce the 
Roy, k braa^, and its bottom moderately level. The solid rock is concealed in al- 
most every part, excepting where the river has cut itself a g^orge, by irregularly hori- 
zontal strata of gravel, sand, and mud. Large poi-tions of these beds have been re- 
moved along the centre of the valley, yet it is quite evident from the fringe or line of 
terraces which slcirt each sid^ that the bottom most originally have formed a smooth 
concave surface inclined towards the mouth of the valley. Portions more or less 
perfect of this same deposit can be followed up the conrse of the Roy, ami up the 
higher parts of the Spean, where the valley is not too rocky or narrow, to near Loch 
Laggan. This loch is but little beiow the 972-feet shelf; and at present 1 wish, for 
the sake of the mdependence of the ailment derived from the foots to he stated, to 
consider only that part of the ooontry whieh is below the kvel of that shelf. Tbese 
irregularly stratified beds, near the mouth of the Spean, attain a thickness of several 
hundred feet, and they consist of sand and pebbles, many of the latttsr being^ pcrfectlv 
watcrworn. Higher up the valley, near the bridge of Roy, the thickness before the 
central portions were removed appears to have been about sixty feet, but of course 
the thidKsess varies according to the original irregnlarities of the rocky bottom of 
the valley. Now it may he asked by what agency has tins sloping sheet of water* 
worn materials been deposited along the course of the valley ? From the presence of 
t!io horizontal shelves we know thjit tlirre has been no change in the relative level 
or inclination of the country since this district was last covered with water, and 
therefore we may argue with safety, that the action of the rivers, as far as it is deter- 
mined by their Inclination, roust have bieen the same since that period as it now is, 
with the exception of that amount of change which they may have effected in their 
own beds. Our knowledge that there has been here no axis of elevation, with one 
part always rising a foot, and another a few inches less ; but that tlie entire system 
of drainage has remained undisturbed and subject only to its own laws of change, is 
a circumstance which gives a singnhur degica of interest to the examination of this 
dhrtrict. Now If we look at any portion of these rivers, for instance the Roy above 
its junction with the Spean, we find it has cut a narrow steep-sided gorge through 
the solid rock, which is in many parts between twenty and thirty feet deep, whilst on 
each side there arc renrnatits, as above stated, of a continuous bed of gravel, at least 
sixty feet in thickues^. Tbese beds have certainly beeu deposited by rapid currents 
of water, but not by any overwhdming debade, as may be inferred from the presence 
of crass layers, and the alternate ones of fine and coarse matter. Seeing also the 
evident rdation of dimension and materials which exists between these deposits and 
the valleys in which they occur, it can scarcely be doubted that the detritus of which 
they are composed was transported by the existing rivers. But are we to suppose 
that the river, as in the case of the Roy, first deposited along its whole course these 
layers one over another, thus raWng its bed nz^ feet above the solid rode, and then 
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snddenly oomnieBeed, without ibe tntlkit datmge iu the mdinatioii of the conntiyt 

not only to remove the matter before detKMnted, but when liaving gained its fivnaer 

level, to .'set in n directly opposite manner, and to ci!t a deep rhannel in the living- 
rock ? Asjjuredly such a supposition will not be recfived ; and whatever part the 
river had in the accumulation oi these waterworn materials, from the very moment 
(n^eetiiig the anniia] OBciilationi of action from the changing eeasoDs) it ceaaed to 
add and began to remove, its power must have midergoiie some most important mo- 
dification. 

It will perhaps be thought that the mere deepening of the bed of the stream, near 
the month of the valley (the effect being slowly propagated upwards), could have 
caused the difference between the present and tlie former action of the river. Bat it 
ia not difficult to replace in ima^nation the solid rock in the course of the Spean ; 
and althoogh a few amall lakes will be thus formed, the aTcrage slope will not difler 
greatly from the present inclination, and this inclination we see is sufficient to cause 
the river to wear a deep gorge in the solid rock, and therefore it is evident (although 
I am aware that without actual measurement of the inclination this argument must 
rest upon eyesight, whidi cannot genetally be trusted) that a change of tUs nature 
woqU be whdly insnffieinit to reverse the action of the river, as has here been the 
case. We must not, of course, at the same time replace in imagitmtion those un- 
consolidated deposits, the origin of which we are considering; otlierwise no doubt 
the inclination of the bed of the river would be greatly altered ; although even in 
that cai>e I by no means believe that the river would be so much retarded as to de- 
posit matter at the hdg^ when ft is now left. Some dieck, therefore, to the trans- 
porting power of the stream seems to have acted at many, or at every successive 
level. If we reflect on what would result, as an hypothesis, from a river delivering 
during a long period detritus into a lake, the level of which was gradually sinking 
from the wearing down of its mouth, a gently sloping surface would be formed at 
its head. But as the barrier was cut deeper and deeper, and the lake sank, the stream 
in the part where it was once checked by meeting with the still water would gain 
velocity, and hence would cut through the beds which it had originally deporited. 
The fringe, uf rudely stratified alluvium, the origin of which wc arc considering, re- 
semlilc'; both in structure and composition such beds of detritus as would hav^ ac- 
cumulated on the shores of a lake, bad one existed in these valleys. If, then, we sup- 
pose that a subsiding sheet of water did actually fill this valley, cither of one or more 
iskes, with their barrier gradually weariinr down, or of an arm of the ssa, the general 
level of the ocean being stationary during a stow devaHoD of the land (as now is the 
case with the fiords of Scandinavia), every appearance on the sides of the valley of 
the Spean and lloy will be explained ; and as there is no other way, that I can se^ 
of accounting for them, the hypothesis is so far worthy of admission. 

I ought, perhaps, to have previously observed, that these dqiosits could not have 
been fomed when the valley was filled with water to the level of the shelves, for the 

h2 
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detritufl bas the chancier cf matter accnmnlated in shoal water, and the bcdi abut 

abruptly against the bases of the mountains, instead of blending with the alluviam 
on their surface, as would necessarily have happened had the whole been deposited 
at the same time at the bottom of one li<i.sin. 

The conclusion, that these valleys have been occupied by u sheet of subsiding water, 
IbllowB more plainly from a somewhat diffisrent class of Acta. I have before re- 
marked, tlMt where a streamlet crosses a shelf, espedaUy if it be the lower one, an 
obliquely truncated buttress, the form of which was represented by dotted lines in 
the wood-cut No. 1, projects from the side of the liill. It is quite evident that these 
were accumulated when tlie shelf existed as a beach, and the streamlet at present 
only acts in removing those portions with which it comes in contact. Now in some 
pcdnts where the b utt resses have been somewhat largely developed, smaller ones at a 
lower level, composed of the same irrq;olarly stratified waterwom materials, having 
nearly the saine outline, although unconnected with any shelf, may be observed ad- 
hering to the slope of the hill. Instances of this structure occur on the east side of 
Glen Roy ; on the south side of the Spean, and between Loch Treig and the bridge 
of Roy, the accnmnlatioin cS perfectly rounded shingle, like that on a sea-beach, 
was enormous. The kitemal stmctnre fai this Instance owrespoiided to the eztema| 
form, as is shown in the accompanying diagram, 
where highly inclined beds of sand and coarse 
gravel are capped by other irregular ones of the 
same composition, only slightly inclined. In all 
these cases, where the flat-topped buttresses occur 
on steep dopes, it is certain (as m^t have been 
expected) that the streamlet is steadily at work in 
removing matter, and does not add one pebble 
to the mound. No one will dispute, that those buttresses, which are mere extensions 
of a line of shelf, were formed at the edge of an expanse of water (of which the shelf 
was the beach), and it is therefore by itself probable that the other buttresses of 
similar eHomal fonn and composition, though occurring at a different level, had 
a similar 0ri|^ But the argument may be put in a stronger point of view : taking 
the course of one of these streamlets, and observing the size and position relative to 
it of the buttresses one above the other, it becomes evident that the materials of 
which they are fimned were accumulated through the agency of this stream, althongfa 
it is at the same time fauxmceivable that they were left (espedally in such a case as 
that represented in diagram 3.) on the steep slope by a power which, as it now acts, 
is steadily at work, tearing away matter in its whole downward course. Therefore, 
it is absolutely necessary to bring into play some intervening or modifying cause in 
the action of the streamlet ; in the case of the buttresses which are connected with 
the shelve^ no one can doubt what this intervening cause has been ; diaU we, then, 
r^lectiog a vera emua, seek some other one, if faideed such other can be found? Cer- 
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tunly HOC ; and the conclusion ia inevltable» namdy, that a sheet of water molt bave 

stood at as many levels as there are btittresses, and this will include by short steps 
the whole spncr between the buttom of the valley and the lower shelf. Judging also 
firom the auiouut of matter accnmulated, we must infer that the water remained at 
thew lavdf for no inoomictenlile periodi, aliboiigli for a kner tune at eadi than at 
the level of the 9r3-feek ahelf. 

I would even further add* that In any valley (the relative level of the country, one 
part with another, having remainfd constant) a single buttress, if composed of such 
materials as could not have slided down the face of the hill in mass, or could not, 
judging by the presence of cross layers and alternations of fine and coarse beds, have 
been depoalted by a ddiade, faidioatea that the val^jr was once partly or enttiely 
filled up to that b^ht by audi amtter; and if the naiB be too thidc, or at too great 
an elevation on the sides of the valley, to allow of the supposition that it was depo- 
sited by the streams nowflowinff in the valley, subject to such chansrt's in its velocity 
as by the corrosion of its own bed it could effect, then the formation of such but- 
traBses can be accounted for only by the supposed permanence of a sheet of water, 
whether of a tenipoffBry lake or of the ann of the sea, at thdr levels. Novnich pro- 
jecting masses are extremely common in the sides of most of the tributary streams 
of the valleys. I conclude, therefore, from the consideration botii of the beds of 
stratified alluvium at the bottom of the main valleys, which there is the greatest diffi- 
culty in believing could have been deposited by the rivers under the existing condi- 
tions i and of tbe bnttrenes on the ddes of the hills, vbicb siniilarly oouM not have 
been formed by the preient streamlets, that it is aatisfoctorily proved that the vall^ 
of the Spean and Roy have been occupied by a sheet of water which has slowly and 
very gradually retired, leaving in almost every part unequivocal evidence of the check 
which matter drifted by a current meets with, when it arrives at or near to tbe sur- 
face of still water. 

I have as yet confined my argument to tbe vaU^ of tbe l^pean and its tributaries, 
and to that portion of it which is bdow the lower shelf; Imt I may here add, that it 

may be inferred from the same kind of evidence already used, (I allude more parti- 
cularly to some buttresses above the shelf to the north-east of the houses of 
Glen Turet, and to a shelf intermediate between the two upper ones, Tombhran,) 
that water long remained in Glen Roy at an altitude above that which we have as 
yet been considering^ and at other levels besides those indicated by the three shelves 
themselves. 11^ also, we look to other valleys in this part of the country, we find 
similar appearances. For instance, on the flanks of the valley of the Tarf Water, 
which flows into Loch Ness (at the elevation of about 1000 feet, near the bridge, 
where the road to Garviemore crosses the river), there are lai^e conical piles, with 
their summits truncated 1^ a mde terrace, composed of weli-rounded pdkbks, sand, 
and an aigOlaoeous eartii in irregular beds. Some of tiie layers of sand and fine 
giavd were in curves, but slightly ineUned ; and this structure, together with thdr 
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compofiition, made it at once evident that tliey must have been drifted into their pre- 
sent position by currents of water. Again, near Fort Augustus, the Great Glen, with 
the pxrpption of the central part, where the river has worn for itself a broad course, 
is filled with irregular strata about thirty feet in thickness of sand, gravel, and coarse 
shingle. In tbe aand some of the layers are moat regularly waved, as if by a tide 
ripple. These beds are about seventy feet above the sea ; fringes of similar depoiBts 
skirt at intervals both sides of the Great Glen, botudiere they are present they do not 
oocnr, as far as I was enabled to observe, at a greater height rh m about 100 feet, 
that is, than the water-shed of this great valley,— a fact somewhat analogous to the 
coincidence in level between the true shelves or roads and the heads of the valleys in 
which they occur. At the south-west end of the Great Glen, nearly opposite to Loch 
Leven, there are some extoisive flats, which from a distance appear to be sfaailarly 
composed, and which in one part have been modeled into two nearly regular tenraces^ 
one rising above the other. A somewhat similar stmctnn may be observed in a part 
between Loch Eil and Loch Lochy ; and this structure can only be e^llUned by water 
having successively occupied for long periods difterent levels. 

Referring now tu more distant points, we find in the broad valley below Loch Tolla 
(a tributary of Loch Awe, and the stream flowing thence enters Loch Etive,) there 
are some appearances, although obscnre, of the bottom of the vallqr having been 
oDoe filkd up with strati6ed alluviom. On the river Tty, however, near Loch I>o> 
chart, the phenomenon is clearly developed. On the south side there is alcBg mound 
or terrace, about 150 feet high, entirely composed of well-rounded pebbles mingled 
in layers with a yellow sandy clay. From this point to Tyndram (at an elevation of 
between 400 and 500 feet above the sea) there are similar banks of waterworn ma- 
terials, and in more than one part I observed a fine white sand, fike that on tin se»> 
shore. On each side of the vtiWy where it divides, near T^ndmra, a broad expanse 
is scattered over with low ridges and flat-topped bills of equal height, from which 
it would appear that the whole space had once been covered up with these deposits. 
Towards the month ot the Tay the terra<'c.s and platforms of Strathmore have been 
remarked by many observers, on the sides ot the small neighbouring valley of the 
Dighty. Mr. Biackaodbr, in a letter to Mr. Lyell, says, " A narrow track of gravel, 
sometimes in the shape of pbtforms, at otims in small hillocks, very similar in ap- 
pearance to those of Strathmore, extends to the hdght of about 000 te^ ; and some 
isolated patches on the SOnth^ fiice of the Sidlaw Hills occur at a greater eleva- 
tion." From expressions used by Macculloch and other writers, I am led to hi lieve 
that beds of similar matter irrcgndarly superimposed over each other, occur on the 
sides of almost all the vaUeys of Scotland. In such cases as in that of Loch Docbart, 
we have no proofii, as horisontal shelves or ancient beaches have not been preserved, 
that the relative levd of the country has remained the same, since the period when it 
was &'St travened by running streams $ and therefore it is not absolntdy certain that 
the present rivm, with a veiy diflbrent inclination, might not have deposited the 
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raddiy stnUified beds in the knrer park of thdr coar8e8» and aftenninb with an al- 

tered velocity have cat through them. But as we do latum that no such change liai 
affected a large neiglibouring region, and as sudi movemonts ronld hardly thus have 
influenced the drainage of valleys directed towaixls different quarters, such doubts 
may be overruled. This being the case, the same argument as before used may be 
rqwated, namely, that the waterwom materials appear to have been transported by 
tlie praaent riven, and yet that thqr an bo depodted as oould not have hi^^ned 
witboat some intervening canae. The phenomenMi deaiands an explanation ; and tlie 
only obvions solution is that which from several and nearly independent coasidera^ 
tlons was proved to linve been the case with the Spean, namely, that it had been oc- 
cupied by an expanse ot gradually subsiding water, either of a lake or of an arm of 
the sea. This conclusion, therefore, may be urged with only little less force regard- 
ing many, if not ail, of the valleys in this part of Scotland. 

It may be aaked, of what nature was tids sheet of water ? If we suppose a barrier 
erected across the mouth of each valley, and a lake to be thus formed, wbich sunk 
from the gradual deepening of its mouth, all the appearances above described WOOld 
be explained. It is a startling assumption to close up the mouth of even one valley 
by an enormous imaginary barrier ; to do this with all would be monstrous. Of such 
barriers in the district we are considering I need not say there does not exist any 
trac^ nor need I repeat what I have already Mid against so vain a supposition as 
that they could bave been swept away by any great debacle from the sides of those 
hills^ of which the whole alluvial covering has been preserved since the period when 
the upper shelves formed beaches, without even a remnant of them being' left; and I 
may add, thnt it wil! hereafter be shown by the clearest proofs, that the ordinary al- 
luvial action, and likewise that of running water, even under the most favourable cir- 
cumstances of a wafterfiill, bas been for less efficient than could bave been anticipated. 

But it may be asbed, would not the bypotbesis of a ancoesaion of lakes explain the 
ai^Maranc^ the matter aocmnulated above each delta sloping upwards ftom one level 
to another. I can only answer this with respect to those valleyswhich I have myself 
seen: in the Spean, Rny, T;\rf Water, and some others, it is easy, as before stated, 
to replace in imagination the solid rock; and although some small lakes* would be 

* Sir Lavdkr hag represented three in hU map (ndinTjurgh Tt<:iyal Transactions) Ly the figures 5, C, and 7. 
I cannot, bowerer, by any meuu agree with him in the limits thus assl^^ned to them. la it meant to be aa- 
MCted» tbait Hbmn is any barrier perfiet, iriA fbm nMptimi of mdi a gorge at fkt smr it aonr cntliBg, at tlw 
l«WCfeod«f somber (7), onalevel withtbeliiieakito«|pcireslmi^i oraaiieMly so aa toillbiwaf the upper 
part being conaidered as a supndittonit lirlta ' Rnoh did not by any means appear to me to be the case. Was 
not the barrier only suppoaed to hare existed, iia m the theory of the shelves I muat also observe that the 
ftbge or depOHt does not terminate a little way within the nunth of the Rof, aa repRaented by the line 
marked (7). It apfM^ars to me unfortunate that Sir Lauobb marked the limits of these depositi, which are 
accnmulated in a gentle $lafe, in a similar manner as he bM don* the ahelves, which are horitoiUal. Any one 
w«Dld suppose AttfiM5» S^nd 7 wmborinalil, lOttdMNeowiM t* 3,iDd4. TUidlfltaftioe tka* 
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thus formed by the replaced barriers (as probably would be the case in every valley), 
the fringe of stratified alluvium we are now speaking of skirts the valley at an eleva- 
tion above tbem. To assume that these rocky barriers were formerly much higher, 
and were demolished by some means independoit of the action of the river (for this 
aetUm tends only to fonn a narrow wall-dded gorge, as maybe seen in those barriers 
which certainly did exist), wonld be as gntnitous as the imaginary erection of one 
great barrier arross the mouth of the valley, and would explain, frnm thr continuity 
of the slope, the appearances far less perfectly. Moreover, if the origin of the sloping 
fringes could be ex[>lained by the assumed former existence of a chain of lakes, the 
battresses high up on the ndes of the vaileya cleariy coold not be so. Nor will uuy 
one pretend that any lakfr^eory can be applicable to the dqiosits on the sidee of the 
eat Talleys, such as Stratbmore, and the Great Glen of Scotland, which terminate 
in deep and open friths. Therefore it has not been the water of Rpveral lakes any 
more than of one lake, which slowly retiring from these valleys, detenmned the ac- 
cumulation of the beds, where we now see tbem. There is, then, as we have concln- 
sive evidence that an expanse of slowly subsiding water did occupy Dicse spaces, but 
one alternative, which we are compelled to admit» and this witliont any considention 
of the shelves themselves, excepting so far as they serve as artificial levels to show that 
the country has not been uncqnally elevated, namely, that the waters of tlie sea, in 
the form of narrow arin» or lochs, such as those now deeply penetrating the western 
coast, once entered and gradually retired from these several Talleys. 

Section IV. — Proofs fmm organic remains of a chinige of Ici fl hetwef^n the land and 
the spa in <Scotlattd. The effects of elevation traced in hypothesis. 

Another question immediately arises; did the waters of the sea slowly subside, or 
the land slowly rise, the edigct in each case being similar ? But first it will be proper 
to show, from the more ordinary kind of evidenci^ tlmt there has been some change 
of level between land and water aSbcting Sootland iHlhin recent times, altboagb not 
to the amount inferred from the arguments above advanced. Mr. Smith of Jordan- 
hill, in an excellent [lanor*, has lately shown from the presence of elevated organic re- 
mains, that within a period geologically extremely recent, both the east and west coast 
of Scotland has been raised some hundred feet ; namely, at Banff and near Glasgow*!- 
abont 950 feet. Conridering the fitcts fpma in this paper, it can scarcely be doubted, 
withoat making the most improbable assumptions, that the Great Glen of Scotland, 
of which the highest point is only ninety-three feet above the sea, was within this 
recent period an open strait ; and, I may add, it must then have strikingly resembled 
the Beagle Channel in Tierra del Fuego, an arm of the sea narrower, longer, and 
Btraighter, which intersects the extreme southern part of South America. In ac- 

* Edtuburgh New Philosophical Joarnal, vol. xxt. p. 376. 

t Edldnifh New PhilMcqilikil Jonnd. ^ xsr. p. M6 ud Wt. TIm dmited lihdb at BttflTireie ob- 
■erfcd It Mr. FkavrwraB, VnaeadSogn «( Qeolosiod Soeie^* Utf, 1S87. 
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owduoe with thbi iuet, I was infoiued by the pwMm vlio mw has the charge of the 
locks on the canal, that when they were cutting through the gravel at the head of 
Loch NeiB many broken sea Bhells were fonnd in the lower part, which a|>peared to 

him like those on the sea-coast. When exposed to the atmosphere they soon decayed. 
. This point must be between forty and fifty feet above the level of the sea. There are 
remnants, as before stated, in this part of the Great Glcti, as well as at the south-west 
extremity, of coarse sublittoral formations, which, I suppose scarcely any one would ' 
dispute, wereACcnmuiated before that small change of level took place, which is indi- 
cated by the elevated marine remains. That the movement must have been exceedii^y 
slow, may be inferred from the odstence of 80 many beaches, each requiring time for 
its formation, which rise one above another on both coasts of Scotland. Mr. Mal- 
coLMsoN* mentions no less than eleven in Elgin, from the lower one of which he 
prociirc<i twelve species of existing marine Testacea. On the opposite coaf^t also, 
Mr. Smith lias described-^ several ancient beaches between the present one, and the 
great terrace, between thirty and forty feet high, which ** forms a maiked feature in 
the scenery of the west of Scotland." It is also important to observe here, that the 
supposed greater movement dednred from the natare of the superficial dqKistts, is of 
precisely the same slow kind, and interrupted (as\vil! presently be shown) by periods 
of rest, as this lesser movement, attested by tlie presence of sea shells and step-forn)ed 
beaches. If, then, the Great Glen was for a long period occupied by an arm of the 
sea, which very slowly retired from it, deposits must Imve accumutated on its shores, 
and likewise for some little distance within the mouths of the valleys which entered 
it. If we suppose that the sea stood at the same levd in the Great Glen as it lately 
did both on the east and west coast, then the salt water wonld have almost entered 
Glen Roy^ and would have wholly covered that sloping fringe of grave!, wfiicli has 
been so otten mentioned as skirting the course of the Spean. Whether this be irriirif ed 
or not, after wiiat has been stated it can hardly be disputed, that within recent gi o* 
logical periods an arm of the sea entered at least the mouth of the Spean, and very 
slowly retreated from it. Rememtiering that the conclusion was forced on us by 
distbict lines of aignments, that a body of water must liave slowly retired from these 
valleys, and that lakes sufficiently large to have produced the observed effects could 
not have existed in them, may \vl not, with the additional consideration that some 
parts of the deposits here mu^t be of marine origin, deliberately atiirut it proved, that 
it was the waters of the sea that, even at great heights, chedbed and banked up at 
successive levels, the detritus bnmght down by the undent rivers and streamlets ? I 
am aware that the argument would have had a greater t^ppeanmce of strength bad I 
commenced with the inference deduced from [the jiresence of recent shells at con* 

* PMowdlngiof dwGedlagiedSodetj. 189S.P.669. I infatiMd by ta IiitdliftM qpwnjri^ 

he hficl nbvorved many bro7<ei> slu fhdh in a (rmvcl- pit, about two IttilM novdl of OmjU TOWII* OH tfae mdllde 
to FoiTCft, and therefore eighteen milc» from the nearest aea-coast. 

t Ediabwig^ nulawpbial Jamiwl, p. SS8. 
MOCCCXXXIX. I 
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lideiable elevations od both coasts of this kingdom, but I preferred the method I have 
followed, because I betieve it is equally Intimate, and of more genei«l Rpplicadon, 

although at first not so obvious. 

From these facts it is certain that there has been a rhangc of \rviA affecting within 
recent times the whole central |xirt of Scothuid, and of a kind very similar to that 
which has been the subject of so much attention in Sweden, where, according to 
Mr. Lyell, remains of existing nrnrine animals have been raised to the height of Im- 
tween 500 and 600 feet above the sea. The change of level in the case of Sweden is 
as certainly known to be due to a slow movement of the land, and not of the water, 
as it is on the coast of Chile, where a small ti-act is violently upraised during an 
earthquake, the disitant parts of the same coast being unmoved. It would, however, 
be quite superfluous here to enter into this question at length, as it has almost ceased 
to be debaleable ground*. It may tlieu be concluded that the supposed great change 
of level in Scotland, dednoed Jrom the foregoing arguments, as wdl a* that smaller 
fraction of it attested by marine remidns and andent sea-beaches, is due to the rising 
of the land, and not to the sinking of the waters. 

^^'e will now endeavour to trace in hypothesis the effects which would be produced 
by an arm of the sea slowly retiring from inlets during an equnhlif progressive eleva- 
tion of the land. In a deserted sound or Aat-bottouied valley, surrounded by mouQ-> 
tains, curved lines crossing the river would mark the ancient beaches. £ach of these 
lines woold be higher than its neighbour on the sea-sid^ owiog to the rising of the 
land in tlie interval of their formation, and would be more distant from the head of 
the valley, chiefly on account of the matter brought down by the river, and in some 
parts from the natural slope of the fundamental rock. When the upper line formed 
a beach, if is evident that the whole of the lower part of the valley mast l)ave been 
under water, and tiiat the prolongation of the b^ch would stretch along the tlanks 
of the ^joSnii^ mountains some way inland from the fwesent shore. In like manner 
each sucoesrive and lower bcach-line would wind along the steep sides of the hills, 
and cross the valley further and farther from its head. It should be observed, that 
although I have spoken of successive beach-lines, yet as the land is supposed by the 
hypothesis to rise at a perfectly eqnal rate, every part of the valley will have success- 
ively formed, during an e({iiai period, a beach ; so that each part having been simi- 
larly exposed, the slope will be uniform ; nor will it be possible to distinguish any 
one line of beach. Again, if we suppose matter to be removed firom the valley by 
the action of the tides, instead of bang added to it by the river, yet as an equal quan^ 
tity (or a quantity insensibly varying fi-om the varying degree of exposure, as tike 
form of the land slowly changes during its rise) would he removed at each level, the 
slope in this case also would l>e nniform. In that part of each successive beach, which 
wuids along the steep flanks ot tiie moutitains, it h not probable (hat inucli matter 
would be added, but the downward descent of some portion of the detritus, which is 
* An f ic J ha l aoBBtiy of the ugumoat is given by Mr. Lf cU in his BlenenlB of Geology, dwp. 
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formed on all land by meteoric afeiicy, would be cheeked; bnt as it would be equally 
checked at each successive level, the outline of the mountain would remain unbroken. 
These same lines, however, althonjjh protecttnl in tlie more inland parts, might suffer 
d^radation where exposed to tlie greater force of the waves near the mouth of the 
sound; bat tfae p»m differently affected would blend into each other, and so woold 
it be with each saooeaiire beadi-llne; and the dope theiefore, whether added to or 
corroded, or left untouched, would never show the traces of action on any One defined 
horizontal line. A little reflection will indeed show that when the water stood at 
the highest level, any part or point which hapjjened to he most exposed would, from 
the natural slope of all mountains, be some way inland compared with the same rcs 
lative point on the pMeent coait; at all intenneiKale levels the wavea would attadc 
an intmncdmte part, either high up and more inland, or lower down and nearer the 
coast, so that the lilW (or rather zone) of greatest littoral action, joining the parts 
which were successively most affecte<l, would, under the ronflitions of the hypothesis, 
be inclined with the horizon either more or less, according to the original inclination 
of the hind. Liistiy, the river in the vulley, aii it gained power from the sinking of 
the flea, wouhl generally remove the central portioni, jmd leave only a innge of the 
littoral and lublittoral deporits. Thie frhige, althoagfa formed by mceewive hoii* 
zontal bcacb-lincs, would sbtpe upwards, as the whole bottom of the valley would have 
done if no part had been removed. I allude to this structure nmre i>arf icidarly, 
because it is not at fn-st obvious that matter accumulated on a sca-«hore would in 
any case form a fringe of this kind. 

In the hypothesis I have supposed the upward movement of the earth to have been 
abaolately uniform during equal periods. But this probably has seldom been the 
course of nature. There is dear evidence that the action of volcanos is intermittent; 
and the force which keeps volcanos in action being- absolutely the same with that 
wliicli elevates continents (as I eiideuvoured to prove in a paper read not long since, 
March 7th, 183B, before the Geological Society), to we must suppose that the elevap 
tkm of continents is likeirise intermittent^-^ condnsion which receives ample con- 
firmation from the occurrence in nature of successive lines of escarpment, rising one 
above another, whirh m-.wk those periods of rest when the sea wore deeply into the 
former coast. Let us then suppose that the water stood tor a Ioniser time at some one 
level than ut any other. The first eU'ect would be, that the beucli or delta ut the head 
of tlie sound, where the river is constantly bringing down detritus, would be broader 
there, owing to the greater aecnmnlation of matter during this kmger period, than in 
any other part ; and therefore when the bottom of the whole valley was converted 
into land, the slope, which is everywlierr gentle, would in that part approach nearer 
to horizontality ; but in other respects there would be scarcely any ditterence. In 
like manner, in tb<»e portions of the mountmns, oti each side of the valley, where 
from the protected nature of the site matter did daring the whole nat accumulate, 
though very slowfy, the line would, Awn the greater quantity of matter added daring 
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the longer period of reit, slightly project beyond the general slope of the sarfiMe t 
and where any rivulet came down a very little delta would he formed. Abo on any 

projecting or exposed point, the solid rock would be more deeply cat into than in the 
other lines. Btit as the land rose, the little deltiis ifently sloping from the line of an- 
cient beach, with their front part cut off by the action of the subsidinL'- waters, w ould 
project from the lull sides in the form of obliquely truncated buttresses ; te the heads 
of which the horizontal lines of bciich will exactly coincide, as indeed they likewisjc 
will with the broader ones, where crossing the bottom of the main vall^ j bnt the 
slope in the latter case will blend both above and below with the inclined sur&ce 
formed by the matter rapidly accumulated at every successive level. Now it has 
been shown that Scotland within modern times has undergone a great elevation ; it 
has been shown to be extremely improbable that such movements shonhl he e(|ually 
progressive : the effects of aqueous action on the sariuce of the land during the inter- 
mittent periods of rest in the elevatory forces have been traced ; and it will have 
been percdved by those who have read the early part of this paper, or the memoirs 
of Sir Laudbr Dick and Dr. Maccvlmch, that the results anticipated in the hypo- 
thesis are the characteristic features, even in detail, of the "parallel roads of Loch- 
aber": 1 believe, then, that the hypothetical case gives the true theory of their origin. 

Section Y. — OijeetUnu io the theory from the mm-extmnon ef the skdoet, and lie 

Several objections to this view, which implies that the whole cotmtcy has been 
slowly elevated, the movements having been interrupted by as many periods of rest 

as there are shelves, will orrnr to every one. Perhaps the most important of these is, 
that, as the upward uiovement juobably affected a considerable area, or at least as 
it cannot be supposed to have been contined within a defined line, so ought the 
shelves to be continuous over an equal space. I believe, however, from what I have 
seen in South America, that it would he more proper to consider the preservation of 
these ancient beaches as the anomaly, and their obliteration from meteoric agency 
the ordinary course of nature. Some contingencies seem absolutely necessary for 
the formation f)f tl)(> shelves, sneh as a siiflieient height in tlie land, a steep slope, 
and that country shouKI he formed of rocks which alf'orded an abundance of 
somewhat adhesive detritus \ we may conclude, moreover, that the surlace must 
have been covered with tnrf, htm^i&alU^ after the waters snbsidedi for otimwise the 
loose matter would iofiillibly have hem washed from the bills, and this contingency 
implies a protected, and hence, perbaps, an inland situation, which, at the period, 
when the water stood at the upper shelves, would leave but a small area. The 
atnindunce of detritus no doubt is quite necessary ; for althotjgh the solid rock is in 
some parts notched, I do not believe the shelf would anywhere be distinguishable if 
the soil and detritus were entirely removed from it. It would also appear to be 
necessary that the valley should either have been originally closed at its upper end. 
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or that during tli« poAod of rest aome sliatW port io it should hare become so from 

the accumulation of sediment, or from any other cause, so that no stream set through 
it. Thus tlie tuo upper ^lielves of Glen Roy die away as soon as they enter the valley 
of the i^pean, whicli must at the period vrhen the waters stood at their levels, have 
formed an open channel connecting opposite sm. That the ancient beaches in this 
cose extended to tliat point, beyond which tbe accumulation of matter was prevented 
by too much expoaore, seems clearly indicated, in a manner before explained, by tbe 
extremitips of the lower slielf stretching; beytmil tliosc rf fhf n;iper. Wlieri, liowpver, 
the 97--re('t sliclf existed as a beaeh, the channel of the Spcan was converted by the 
closing of the pass of Muckul into a sound ; and the shelf, appai*ently in consequence, 
winds along the rides of the valley both of the Spean and Roy. Besides tbe requi- 
sites here mentioned, tbe shelves appear to be more plainly marked where the vall^ 
ifl narrow, and, perliape, likewise where it is tortuous. Now from the little I have 
seen of Seofland, I very much doubt whether these several contingencies occur fre- 
quently together; they certainly did not in several valleys which I visited. It must 
also be borne in mind, that as Sir Lauobr Dick traced the lower shelf very much 
further than BiLiCCOiiixiCH bad done, and as I found a remnant of one in a distinct 
vall^, and especially as .Sir David Brewstkr has seen shelves in two places on tbe 
Spey, the probability is tliat others, though perhaps obscurely developed, will yet lie 
discovered. The irreg^nlarly shaped area, in which shelves have already been found, 
measures in one line twenty British miles, atul in another twenty-live. 

Notwithstanding what I have now said, the presence of the shdves in some of the 
glens and their alMwnce in others, in tbe district of Lochaber itself, is a very extraor- 
dinary circumstance. Tlius in Glen Roy three lines are perfectly developed, whilst 
in the neighbouring one of Glen Gluoy it appears that uiily one exists. It is useless 
without data to speculate on the natnre and toicc of the tides, currents, and winds of 
former peritidis, or un the kind of vegetation with which (he land was then covered; 
all circumstances, perhaps, sufficient to determine the formation or preservation of a 
mere narrow mound of soft matter on the steep side of a raonntain. But the fol> 
lowing case proves, and it deserves particular attention, that the limits of the ancient 
waters cannot even approximatrly be inferred from the present extension of the an- 
cient beach-lines. Maccullucu has drawn in his map a shelf intermediate between 
tbe two upper ones, on tlie face of tbe mountain (Toinbhran) opposite to where Glen 
Turet joins Glen Roy: Sir Laudbu Dick has not noticed this shelf*. Perceiving its 

* UmO t tmw tin* tlwlf I donbted iit ezHtsnee. Imcmim I had not been aUe t» dkeover otbcra mentiooed 

by Mai ci I.I IK II : thus one is figured by bim in a ravine branching from Glen Koy (improperly called by him 
Olea Fintec), wluoh, though having accended it, 1 wa4 uiuble to tee. Again Macovlloch lUtee, that two 
ahdvBS occur in Gkn Oluojr. vihSht Sir Lavdh Dick, who leenu to have eiaaiined mort ennfully thi$ glen, 
could find only one. I may here remark, that »hou1d two shelrcs bo hercWftcr discovered there nt tbo inuo 
relative height from each other with those of Glen Itoy, and tbi» is stated to b« tbe caae by Macccllocu, 
the fact would b« highly mtis&ictory on tbe theory of the ahelves having been eea-beachcs. FVam an excellent 
foint of Hum, hovcfcr, on dm lido of Bm Biia I could oee m tnee of a aeeend alulf. MAOcoLLOoa dao 



Digitized by Google 



02 



MR. DARWIN ON THB PAIAtiLBt ROADS OF GLEN ROT, 



importance I pxamined it ^rith scriipulotis care. It occurs rather nearer the \o\ver 
than upper sbelt, and as these two arc only eighty-two feet a{>art, and are here strongly 
marked, it ms scarcely possible (especially as I purposely looked at it from cvfijr 
pidnt of view») to make any mistake in tbe absolute paralielisfli of this intermediate 
Sbdif. It can be traced for nearly three quarters of a mile ; at the west end disap- 
pearing quite insensibly, lil<e the lines in Glen Collarig, but at the other end rather 
more abruptly in a water course. I walked along its whole len^rtii, and its structure 
is perfectly characteristic ; I refer to the materialn of which it is composed, its breadth 
and inclination. The two rq^nlar sbdm are, perhaps, more plainly marked here 
than in any otiier part of tbe whole glen ; and it would appear probable that tliis is 
owing to that portion having been exposed to a longer space of open water, by which 
means the ancient waves acquired a greater than ordinary power in heaping- up de- 
tritus. In the mouti), however, of Glen Collarig and of (ilen Roy, un exposure to a 
wider channel, but at the same time to one open at both euds, and therefore probably 
a tide-way, has entirely prevented the accumulatimi of matter : and bence the beaciies 
gi-adually disappear there. This view. If correct, 88 1 fully believe it to b^ shows 
by what a slij^ht difference of circumstances, either a remarkable development or an 
entire obliteration of tiie ancient beaches lias been determined. The intermediate 
shelf clearly owes its existence to tbe same causes which have in this part so strongly 
marked the upper and lower one ; and though it is kw strongly marked than these 
two in this immediate neighbourhood, yet it difBan but little from them as th^ ordi- 
narily occur, and is, I think, fully as plain as the lower shelf throughout GlenSpean. 
I assert, then, that it is an incontestable fact, that water mii^r have remained at the 
level of this intermediate slielf for a long period, and only a little loss long than at 
the other lines ; yet in iiu other part of (ilen Roy, the valley vvbere circumstances 
have been so preeminently favoorable for the formation and preservation of these 
beaches, a trace of this httermediate shelf has been observed. It has likewise 
been most clearly shown, that barriers could not have existed at the double mouth 
of Glen Roy, and we have seen that the surface of the land has been preserved in f itat 
neighbourhood in a uianuer quite extraordinary; yet it is known on the authority of 
Sir Lauder Dick, who appears to have examined the whole coui^ of tbe Spcan and 
its tributaries irith great care, that not a vestige of dther of these upper sbdves can 
be discovered beyond the mouths of Glen Roy. Any argument, therefore, whatever, 
from the non-existence of the shelves or beaches bearing on the former limits of the 
ocean over tiiis part of Scotland, during the period of rest in the subterranean move- 
ments, is valueless. 



figures a aupcrnumenuy sheif at a point north-west of the havKfi of Glen Turet. at a level above that of the 
iip|Mr lUilf of QIm Rof s • BomMl of ■Unffaun, than, ud weufy pondkl to th* olidf, ecvtaxnly ocean tibm: 

hut from the -want of sharpncis of outline, I thoulil he unw illing to pronounce tlnU it liad furiucci a lino of 
lieach, although i should be far from fcding any aurpriae if this could be shown to have been the case. 
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In the valleys of the Spean and tiie Roy, I attentively exaiuiueU, with the expecta- 
tion of finding frafpnents of aea ahdb, the matter accnnmlated on ttie tbdrea, and 
Mioro aipedally the thicker beds of gravel and «and which occur at lower leveb; but 
I could not discover a particle, and the quarrymen assured me they had never ob- 
served any. This may at first be thought a strong; objection against tlie theory of 
the marine origin of thesf <i('pnsits. Hut having been led in consequencr of Mr. 
Murchison's remaikablc discovery of recent sea shells in the inland counties of 
Shropshire and StaffiMrdflhire»to examine many gravel pits there, and having observed 
liow fiiequently it liappenB, that not the smallest particle can he discovered in vast 
accomnlations of the rudely stratified matter^ and that when found, the fingments 
are generally exceedingly few in number and partially decayed, I feel convinced 
that their preservation may be considi rcd as a remarkable and not as an ordinary 
circumstance. After a longer interval of time, or under some slightly less favourable 
conditions, all the gravel beds of Shropshire, which no one can doubt were accumu- 
lated beneath the sea, wonU be as destitute of organic reminns as those d Locliaher. 
In some parts of South America I Iwve found beds of gravel which did not contain 
a fragment of shell, and yet on the bare surfoci^ nearly perfect ones were strewed in 
numbers. Mr. Smith describes * heds on the west coast of Scotland, and Mr. LvELL-f* 
others in Sweden, undoubtedly of marine origin, but wholly destitute of organic 
remains. On the cuai»t of Forfarshire also Mr. Lyrll, as I am informed by him, 
found shells in gravel beds extending to the height of between fifty and sixty feet; but 
at greater altitudes similar beds occur which do not contain any: he has observed 
tlie same kind of ftct strikingly illustrated in Norway^ It is easy to imagine several 

* BtUnboTgli New Philotophical Jounnl, voL xsv. p. 380. 
t Tnusactions of the Royal Society. 1886, p. 11. and 15. 

I Mr. LvELL haa hild tlic kiiidnpjs to cp've nie the following obsentitions on this point. 

" lo the country Burroundiug the fiord of Chriitiania, Cfpecially between Chrutiania and 4>ramman, and be- 
tWBiea DnauBMB ud Hbliiwlnuid ia Nonnqr. depoiits of daj nd ami rent in hoiiMiitd bed* on flw ^uSm, 
granite, porphyry, aad other rocks. Larije maase* of this sand and clay rcucli in &omf jjlaoea to ele«ition.« of 
more than 600 feet above the level of the cea, and nearly fill many upland valleya ; but it is oaljr in those 
patches irUeli oeenr at fhe haght of tbtust SOD feet, and nnuny Ubb than fStjf ft*t above flie sea, diet ehdb 
(■11 of recent tpeciea) have been found. This sand and clay appear to hare accuiBOlwted on tlic older rocks 
duiingtheir fpTidual uiibtaval from iH-ncsith the 9ea,so that greater elevation becomei" « twt of hiphcr antiquity, 
and thoae patches which are found at small heights near the borders of the jHrcsent hord are very modem. 
Bvea in tbeee leit die ihcili ate oftca in ao advasaed a itate of daaoatpoeltioa aa giaally to fltfour dw dwuvy 
that !i more con>iderf>blc lapse of time migh': be sufficient to oWifcratc all traces of tlicir eiistfnee. 'ITiuf for 
example, on the banks of a small river about two miles above Tiiusberg at the place where the bridge crosses 
it. a aoetiao of loamy chiy is hud open, Ae lowait pait of wUdi cannot be taiaed man tins a tsw feet aboive 
the salt water of Aa tord of Christiania. In the upper part of the mass for a thickneae of fifteen feet no fooeilB 
can he detected, but wiincwlmt Iuwlt faint ciiiti of the Mytilux frhjiif cbiefly indicated by purple ptain?, are 
observable. Still lower down more perfect specimens of the same iihcU, together with OtrtUum eduie, occur, 
bat bott in so iofk a state aa to cramlile into diwt when diied. Wm these tlie more solid QtpriM iil aad it n 
and Sazicava rugosti are occ8"i"Tinllr found, and ultliouiih roft when first taken from the matrix are capable 
when dried of being preserved eniin;. If in the short period which has probably passed away since these shells 
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circumstances which might dctcruiiae the preservation or decuy of tiie sheils ; even 
<Hi the asiumption, which ii not neccmny, that they have in all such cases been im* 
bedded. Thus in Shropshire, the gravel is covered in most parts by an earthy deposit, 
which contains a sniaU proportion of lime; hence (be rain \rntcr having absorbed car- 
bonic acid gas in its descent, would find matter to dissolve l)efoiv it re;u lied the 
layers containing shells ; whereas in Lochaber the gravel and sand, being derived 
entirely from granite rocks, does not, as I ascertained, usually contain any free carbo- 
nate of lime, and consequently the fragtuents of shells would more readily be dissolved. 
I do not wish to assign this circumstance* as the real cause of their disappearance, 
but merely to indicate it, and other similar ones, as quite sufficient to show that the 
marine origin qt the shelves cannot be ccmtroverted from the absence of organic 
remains. 

Section VI. — A^Ucatlon of the tlicon/ to .some less importimi points of structure in the 

(lisfrict of Lochaber, and recapitulation. 

By eonsldering the hypothetical case above given, I tliirik it was shown that the 
proposed theory explains every essential point in the phenomenon of the parallel 
roads. And I will now endeavour to show bow far it applies to some minur points 
of detail. For instimoe, I have described a horisontal band of rock on one side of the 
narrow month of Loch IVdg, with its fiice worn into smooth concave forms, like 
those over which a water-fall rushes ; and on the other Side, a great spit or bank of 
sand and gravel. Now on the belief, that a sheet of water seven or eip-ht mile?« long-, 
and two or three broad, vras drained during each ebb-tide to the depth of several 
feet through a narrow curved channel, and then again msed by the following tide 
to its fornix level, the effects there produced are quite intdligible. It is also easy 
to perceive, that throu^ the means of the tidal action, points of solid rock might 
have been obliquely cut off in the same manner as on existing beaches ; and that flat 
channels, resembling in every respect those which at present frequently separate small 



near Tciusbcrg were imbedded, the progress of decay can have iirocccdcd xo far, we may well suppose the per- 
oolatkm of wmt«r doling snteoedent ages of iodefiiiite extent to have destroyed all signs of fouils in ibe mm 
mdent and elmt«d pstehe* of louA fbmid mm flnm 500 ^t high in the adjacent hilly counby." 

* I may observe that it very frequently happens, that shells arc found only at some depths in these tupcrfldal 
depojits : till? is the ca.'^c in several of the gravel pit.i in Shropshire ; in cutting the chiihI at the iiead of Loch 
Ness, the shells were met with at the bottom, whereas, the layers acaier the surface, as 1 can vouch, contain 
aaoe. Mr. Surra apcaldDg (p. 830 aod S9I. vol. zvr. FUkaopfai«il Jounid.,} of Ibe day bcda oa the irait 
coast of Scotland, tlmt flie marine remains with which it abounds "art aImo«t invariably found in the 

lower part of the bed." I infer that in all these cases ahella origiinUy exiated in tbe ufiper port, but haw 
rauK daaajvd: Mr. SiirrB, bowever. ofl«i a WSank vt^imtSm, la the eztanaiTe and anpcrfieU beda of 
dcwated ahells oit the eoast of Peru, where nuK dOM MM fall, and where consequently loose matter is not 
washed from flu- ■ mf ice, I have trutod a* I have amended from the beach a most perfect gradation in the decay 
of the abcUs, uuiil a mere hiyer of calcareous powder, without a vestige of structure, alone remained. 
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IriBiMls fix>m larger <me8, might have been worn between hummocks (such as those 
OH one side of Meal-derry) and the lines <tf shdf. 

If, agnii, we coneider what must take place dorinp the gmdmil rise of a groop of 
islands, we shall have the current! endeavooringto cat down and deepen some shallow 
parts in the channels, ns they are successively brought near the surface, but tending 
from the opposition of tides to choke up others with littoral deposits. During- a long 
interval of rest in the upward uiuvemeutSj from the luugth of time allowed to the 
aiiove procesMS, trtdeb Mteatially require time (though they are &TOiired by tlie riie 
of the land rather than by its remaining atationary), the tendency would ofton prove 
eflRsctive both in forming by accumulation of matter, isthmuses, and in keeping open 
channels. Hence such isthmuses and channels just kept open, would oftener be formed 
at the level, \v})irh the waters held during the interval of rest, than at anyone other. 
These isthmuses aiifi clianiiels when left by the receding waves, might be called land- 
straits, for they would picscut smooth, Hut, nairow surfaces, connecting more open 
spaces. During the rise of the land they would at first s^rate the beads of two ad^ 
joining eredcs!, and afterwards, the upward movements proceeding, they would form 
the watersheds between adjoining and opporite glens. By this means, I explain both 
the ordinarj' structure of the land in tliesc mountains, where the waters divide, as al- 
ready described ; and more especially the remarkable fact of the exact coincidence of 
several such points with the lines of shelves, — the shelves only indicating the long in- 
terval of rest in the upward subterranean movements. It may be remembered that 
I described at the bead of the Roy and of the glen near Kilfinnin, patches of aUuvium 
or remnants of temoes on the sides of the land^ttiaita, a little above the flat where 
the waters divide. This structure is in perfect accordance witli the theory that drift 
matter began to accumulate in such parts at thnt period, when the tides in them 
were first cheeked, or otherwise affected by the rising ot the land ; and that the chan- 
nels were finally closed at their present levels, solely from the long interval during 
wbich the sea acted at ancb levds. Hence, also, we might have expected, that 
patches of alluvium would occur (as is the case) on the rides both of the land-straits 
which are, and those which are not connected with shelves at corresponding levels. 

From the levels taken by Mr. Maclban with SirLAunioR Dick, it appears that the 
upper limit of the Glen Gluoy shelf, which coincides with the division of the waters, 
is twelve feet higher than that of Glen Roy. The intervening space is nearly a mile in 
length, moderately broad, and very tiat, having only a fall of the twelve feet ; and Sir 
LAunsa states* that he saw in this part the surfime of the solid rodt in the bed of 
the little stream. These ftcts aerai at first to indicate that two periods of vest had 
supervened, one when the water stood at the level of the Glen Gluoy shelf, a second 
when at the upper level of Glen Roy after a rise of twelve feet, and that, nevertheless, 
the effects of these two perio<ls of re«t wen f onfined respectively to st parate, though 
closely adjoining glens. Tiiis cu cuuist<uice \i so interpreted, altbougl improbable in 

* £dinlnirgh lYuiMcdoiu, ▼ol. ix. p. 35, 

■mcccxxxiz. K 
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the hlgbc^-t degree, could not be considered as mlivianuTe of the theory, after it has been 
ascertiiined that the uppf-r slidvos of Glen Roy are not prolonged into the valley of 
theSpean, anil tliat the short intermediate one in Glen Roy does not extend for more 
than three quarters of a mile in that valley. There is, hoirever, I suspect a more aa> 
tisflMitory cxpUmation. In the Flnt Namnr of the Stnit of Magellan, the tide riaea 
about forty feet, as GaptBdn Firaioy informs me, whilst dghteen miles to the west at 
Gregory Bay, the rise is onfy about twenty feet. Here then, and other instances 
might he adduced, in a distance of eighteen miles, the surface of the water must 
slope HO less than twenty feet. Let us suppose a i^ky barrier (and that of Glen 
Gluoy is rocky) to be elevated, by such movements as those now in progretis iu 
South America, across the strait, separatiog it into two porti<Mi8. Might we not ex> 
peiA that the high water roaik would rise several ftet higher, in that portion of the 
former channel which was still open to the sea subject to the great tidal movement, 
than it would in the other connected only by tortuous passages with a different sea, 
where the rise of the tide was small ? In such a labyrinth of cbanoels as this part of 
Scotland must have presented when the sea stood at the level of the tqiper shelves, 
it is eren probable that there would be inequalities in the rise of the tide in diflhrent 
parts ; I conclude therefore that when the roeky barner was ^nwsed between Glen 
Gluoy and Glen Roy, a greater tide-wave, proceeding direct from the line of tlie 
Caledonian Canal, then a great strait, swe]it up this deep creek; whereas a smaller 
one reached by a circuitous course the Buy ol Gieu Hoy, which, moreover, was con- 
nected by some other straHs with the eastern sea* 

Whoever walks over these mountains, and believes that each part has been socoess* 
ively occupied by the subsiding waters of the sea, will understand many trifling ap- 
pearances, which otherwise, I believe, are unintelligible. Thus in Upper Glen Roy 
he will see in tiie level expanse, an old bay, filled up and leveled with tidal mad. 
Agtun at the Gap of Glen ColUuig, with its flat bottom and cut off sides like a gate- 
way, he will recognise a channdi, at last choked up with matter drifted by the tides, 
and now left in the state in which it was when the waters retired from it. The traces 
of supernumerary shelves will offer no perplexity to him, and will equally receive 
with the others a simple explanation. By the theory of the sea having acted at suc- 
cessive levels over the whole surface of the land, the great beds of shingle* and sand, 

• I have before alladed to Uie fewnem of tV-- t". nll-roundctl pebbles near the upper aliclves, excepting at the 
heada of the vaileya. oi on flat {dacea. Thus u a difficulty ; thou|fli it is one coouuod to many regions, where 
ii«kMiw<lwtmehdiniidita(iBliutdw|ilM!tiftMm PaUrica«f aMMtrgcHttan^jBtiw 

course of time decay, but thoae of qnartx I should think (altkmi^h Scokesbt says this rack yields to the froeta of 
Spitsbetgen) would be impeiiahahle : if so, how oomea it that quartz pebbles are not scattered OT«r the auzfiMe 
of evaynoDBtriBiB wludi thakndt b]s«wiil,udm wUab dwftni oltte hud. ha draaded itate, orflw 
presence of truncated dikcB show that it must once, althougli j>erhttpfl cfluntlcss ages eince, have bet-n beaten by 
the waves ol the aea ? Such pebbles, however, are not found on emy mountain thus circumstanced ; the expla. 
aatioQ. I|ira«M»fwtoiiittBt Alt cmiycuMof dba^^ 

■DteiidtwBmfbepdddcifaoM«ne«iaailBBikaMB*ty4rnwiidi. taabdinMlto WBeve^^vit 
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such as those near the mouth of the Spran, ImvR a rause assis^ned to them adequate 
to the effect. Lastly, the manner in which the deposits near the months of the lar^^er 
vaileys have been modeled into successive terraces, which in some parts at least ap- 
pear not to bavo been formed by the river, reoeim ducidation. I may add, that in 
South America I have observed niimerone uutancee of terraoei in every reepect 
similar to these, with sea shells abundantly scattered on their ffur&ce ; and therefore 
where there could exist no obscurity p'L'nrdinjr their origin. 

In concluding this part of my paper I will recapitoiate the coui^e of the ars'innent 
pursued. 1st. It is aduiiited by every one that the horizontal shelves are ancient 
beaches, and. I showed that no lake theory conld be admitted on acoount of the 
overwhehning difflcnltieB in imagining the construction and removal at sueeesdoe 
periods of Mveral barriers of immense siie, whether placed at theuMNiths of the sepa^ 
rate glens, or at more distant points. 3rd. Hie alternative that the beadMS, if not 
formed by Ia1<es, must of necessUy have heeTi l>y channels of the sea, was not ad- 
vanced, only because it was thougiit more sati^t[n l nry to prove from indppcndent phe- 
nomena, that a sheet of wsiter gtadualb/ subsiding from the height of the upper shelves 
to the present level of the sea, occupied for long periods not only the glens of Loclialw, 
but the greater nnmt)er, if not all tlie valleys of this part of Scotland ; and that 
this water must have been the water of the sea. 4th. It WM stated (the strongest 
argument being the ascertained fact of the land rising at the same time in one part 
and sinking in another,) that in all cases the land is the chief fluctuating element; 
and, therefore, that the ahove change of level in Scotland, independently attested by 
marine remains at considerable heights on both the eastern and western coasts, im- 
pUes the devation of the land, and not the snbridenoe of the surrounding waters. 
5^ It was diown that in aU such prolonged upward movements it might be pre> 
dieted, tliat there would be intervals of rest in the action of the subterranean im^ 
pulses. 6th. By an hypothetical case, the land was subjected to the above conditions, 
and its surface was found to be modeled in a manner wholly similar, even in detail, 
to the structure of the valleys of Locbaber as they now exist. 7th. The true theory 
being considered thus established, objections to it from the non-extension of the 
sbdvea, and from the absence of organic remains at great altitudes, were answered 
and shown not to be valid. 8th. Many points of detail in tlie structure of the glens 
of Locbaber, were shown to be easily explicable on the supposition, that the valleys 
had been occupied by arms of a sea subject to tides, and wliich had gradually sub- 
sided during the rising of the laud. Having attentively considered these several and 



eoRtet, nd fhtt in Hie eonne of tbut, meh pebblet tre all roDed down, fma bftiing faond on iNhtiad 

BOOntain of quartz in South America (the Sierra Ventana) a superficial patch of MOglomeratc, l>ka pwt of an 
old beach, which seemed solely to owe its prc-w n ntion to tlic pebbles having be«n cemented to the parent njck 
hy oxide of iron, in the same manner as not unfrequently may be observed on tome existing sea beaches. In 
OeetMof thedulmof LodiabHv it b pfobaUt, tbit ooljrkftw pebbbtime ori^nal^ fannedi owingto 
tfw aad poww of Oo tmet M ilcqp lod pNtocted dura of fhm 

k3 
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independent steps of the argument, the theory of the marine origin of the " paraitel 
roads of Lochaber" appears to lue demonstrated. 

I may here remark, that Mmscuumm seems to have been aware <^ the great diC* 
fienlties attendbg his theocy : but faavingr proved that the roads oonld not be woilts 
of art, or the effects of any great debacle, be argued, to use his expression from the 
dilemma of the case, that they must have been formed on the shores of a hike. The 
idea of a continent slowly emerging; from beneath the se.i, appears, and it is a very 
curious point in the history of geology, never to have occurred to him as a possibility, 
although be was so bold and ingenious a speculalor. His paper was read in the be- 
fpsaAng €S 1817, Bad when we reflect that dnring the few hitter years, prooft <tf such 
movonents have aceamidated from all quarters of the world, we must recognise how 
much of this all important change (the foundation^ston^ I may add, of this fupa} is 
due to the Principles of Geology by Mr. Lybll. 

Section VII. — Om the erratie hoiUden vf Loehaber^ 

I will now pass on to some other considerations which partly derive their interest 
as dependent on the truth of the for^pring theory^ I have said, that the parent rock 

of many of the fragments lying 4»i the shelves is not found in the immediate ndgh- 
bourhood. These erratic boulders are generally of granite, and are from one to five 
and six feet in diameter , they are not confined to the shelves, but are scattered on 
the sides of the mountains. Uu the summit of the insulated hill of Meal-derry, above 
the level of the 972-feet shelf, there was one of large size, together with some welU 
ronnded pebbles of rocks, which, I believei, do not occur there. In the gap <^ Glen 
CoUarisT the bonlders on and near the upper shelves are frequent, as they likewise are 
in the pass between Ui^er and Lower Glen Iloy ; they occur also abundantly at the 
bottom of the latter valley, and on the side of Tombhran. From having found thera 
in almost every part which I examined. I have little doubt that they are distributed 
in numbers over all the valleys and mountains, at least, to an elevation as great as 
that of the upper shdves: I make this latter restrictiaD, because having asoended 
the mountains only in a few places above that level, I cannot speak positively with 
respect to the greater heights. On the mountains, however, between Glen Roy and 
Glen Gluoy on a hillock north-north -west (magnetic) of the summit of Ben Erin, I 
found several masses of granite, one of which was four feet by three in width and two 
in thickness (together with a couple of pebbles from rocks not in .v/7m) resting; on the 
surface of the gneiss. This hillock seemed to be entirely contposed of tlie latter rock, 
and it was separated from all other lulls by a valley. On the flanks of Ben Erin at 
about the same level, there were several boulders of granite, one of which was sk 
feet across. Of those on the hillock (probably there were many others which I did 
not see in merely crossing the mountain.) the higliest one was found by comparison- 
with the (ilen Gluoy shelf (by means of the barometer), to be 2200 feet above the 
level of the sea. I will describe in detail the spot where I found one other boulder. 
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in as much as the whole of the district being composed of gneiss, it might W «uspectcd 
that patches of granite occurred high up on the slopes of the mountains, and that the 
fragments had simply rolled down into their present positions. This, however, could 
nol have happened in the case laat described, nor in tbe following one : abont twenty 
feet bdow tbe ■ummit of a vtvy sbarp peak (1600 to 1700 above tlie sea) tbe wboie 
of wbich consisted of tortuous biyeia of gneiss, there was a block of syenite with pink 
felspar, two fieet eight inclies across. Ttie peak is wholly separated (as shown in the 
wood-cut, fig. 4.) from a lofty mountain also of gneiss, by a broad and quite flat 
valley, the highest part of which is 215 below the spot where tbe boulder lay. I may 
observe tbat I did not anywbere see aaotber bonlto of the syenite nor a single 
one of granite <» tiiis side of the moontainsy which is sqiarated by a lofty ridge from 
the vatleys of Glen Roy and Glen Glnoy, where tbe blocks of granite are so numerons. 
Between two branches, however, of the Tarf Water (which enters Loch Ness near 
Fort Augustus) on the sommit of a hillock of gneiss, about 1200 £set artwve the sea, 
J noticed one of granite. 



A. Lofty mountain of gndss. 

B. A pent mos!> 215 feet bcluw tlic boulder, dh-iding; the waters flo\«'ing OB esok lldft IWnd the UU C. 

C. Boulder of syenite resting on gutaw 1600 or 1700 above tbe oca. 

D. HAetoddcriBflwgiiHt^of Seodiiid. 

The granite of all the boulders which I observed in Glen Roy, and likewise of those 
on Ben Erin, has a tmifiNmi ebameten it is subject to inneb dMnt^gration, and 
therefore I do not donbt that the bonlders were orij^nally much larger. In Mac- 
cclloch's Geological Map of Scotland, tbe nearest granite in situ to the bonlders 

on Ben Erin is seen to be at the source of the Roy, near Loch Spey, a distance in a 
north-east line, passing over mountain and valley, of between five and six miles. The 
granite there has the same lithoiogical character with that of the boulders, and I do 
not doubt that it is the parent rock, at least, of those strewed along the course of the 
Roy. "With respect to the bonlders on Ben Erin, they are completely cat off from 
every granitic district 1^ valleys, tbe Mgheti point of which is 920 fieet bdow that 
boulder, the altitude of which I measured ; tint is, it would be impossible to walk 
from granite «n niu to these bonlders without ascending at least tbat number of feet. 
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I will only further add, that if a shert of water were raised to the' level of the Ben 
Erin bonldm, there would be a line of opea ooamimlcatioii* between tbem and the 
j^FBDite of Loch Spey; although I nrast OOnfbM I mneh doebt whether in that ca$e 

any of the rock in xitu at Loch Spey would remain uncovered ; and if so the orig^in 
of the boulders must be more remote. The other fnirf^, where granite is represented 
in Maccui<locu'8 map, are more distant, and urc separated by deeper and broader 
valleys from the points in question. From my linuted examinalion of the district of 
Locbsber I am wiwilliDg to generalise respecting the podtion of tint bonlden, bnt I 
think that they certainly occur most frequently on the summits of little peaks, such 
as on Meal Heri-y, or on tliat one of wliich n wood-CUt has been g'iven ; and pcihaps 
likewise in the narrowest parts of the valleys ; for instance at the junction between 
Upper and Luwer Glen Roy. I observed also a greater number on the shelves than 
I should have antldpated, from some of tliose, which had originally stood higher, 
having roUedr down. But, I repeat, I inll not positively' say that sorh is the case ; 
altboo^ with respect to the boulders on the peaks, as I observed five well-marked 
cases, even during my short examiniti<ni of the country, I tiave iittb or no doubt 
that the observation is correct. 

On any concdvable theory of the transporttUion of erratic blocks, whether by some 
overwhelming debacle, or by floating ioe, or any other means, it will at once be evi- 
dent that they must have been scattered over the country, either before the slielves 
were formefi or at the tune of their forniiition, but not on account of the delicacy of 
the lines at any after period. According to the generdlly received opinion of geo- 
logists, the so-called " erratic block period " is recent, and therefore we obtain a rude 
method of cstimadng tiie age of the shelves, and consequently of the elevation of the 
whole central part 4rf Scotfamd, at least to a height of 1278 ftst (or that of the npper 
sh^ above the sea. 

It may perhaps be worth while briefly to compare together, under the conditions 
here afforded, the two theories of the transportation of erratic boulders, which are 
alone worthy of consideration, namely, that of great debacles and of floating ice. I 
will not lay any stress on the difficulty of imagining, in accordance with the flnt 
theory, a rush of water so impetuous as to transport vast masses of rock across pro* 
found valleys and up the Steep sides of high mountains, for this difficulty has no 
special reference to tlie case of Lochaher; but those who believe in the pa.st oc- 
currence of so terrilic an agitation of the waters of a deep sea, must in suiiie manner 
account for the frequency of Iwoklen in lltt most exposed places on the summits of 
hillocks, and likewise for so many having been left in narrow straits, where one wonU 
have anticipated the most impetuous rush of water. On the face of Tombhran Z ob- 
serv«i many boulders scattered on tlie shelves, which have Iwen formed there not 

* Tliil IB • aiaiilar fact to what has been ob«errcd on the Jvm. Sk JaUI* Hall (Edinburgh Royal Trans- 
■fltiomi, *dl. TO. p. 143.) ttkjt " it i» principally where tlic !wowy TOramit* nre visible from the hot of the Jam 
\ff mmut of loaie d^reuioa in the intervening hills, that we find these txavcllcd muses." 
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only by the accutuuiation of loose matter, but also by the deep excision of the solid 
Dnderlying rock. Again, there were other boulders oo the shahraB on the rocky pen- 
iiuttla near the jnnctiofi of Upper aad Lower Okn Roy» wh«re nmeh of the gneiis 

has been worn away. Here it was not possible, from the noiMzieleiioe of higher 
land, that the boulders could have rolled into their present places from above, after 
the formation of the shelves ; nor was this at all probable In several parts of Tom- 
bhran. On the siipposiLion of the boulders huving been originally scattered over the 
country, and the shelves formed at a subsequent period, we have the difficulty, though 
perhaps not an insiqier^e om^ as we do not kmow their original taae, of believing 
that UocIes of granite have been preserved for a long period on those very plaoes, 
iriierea aone of gneiss had been cut into and worn away. S> .inr of the boulders on 
Tombhran were lying <ni thv siirfm e of the lower edge of the shelves, in pnrts wher^ 
as above said, I fully believe the inclination of the ground was so trifling that it was 
impossible they could have rolled down from above; but 1 regret much that I omitted, 
from not having peredved its importance, to Moertidn this point with oerlainty. If 
the&etbeao, and I scarcely doubt it, it would prove that some action, so quiet as 
not to have distnrtied tlie small quantity of earth and little stones, of which the shelves 
are Ibrmed, transported these botilders across deep arms of the sea, and left them on 
the surface of the ancient beache?. The theory, that all erratic blocks, circumstaneed 
like these of Lochaher, have been transpot tpd by floating ice, wliolly removes these 
difficulties ; for the icel>erg8, in the first place, would generally laud the fragments, 
with which they were chaijgcd, on the lower part of the beacbee or sbdvess and 
secondly, tlxiee whidi had arrived not long before a fiesh ehsvation would have 
been exposed only to a small amount of tidal degradation* Thirdly, the Icebergs 
woidd frequently he stranded on shoals and islets, over and round wbich the tides 
swept ; and likewise they would be frequently driven on shore in the narrow parts of 
the channels, where the waters were pent up. ho that in after times, when the land 
was drained, it is easy to perceive that the botdders would lie scattered in such places, 
as they now actually occupy in the district of Lochaber. Laatfy, this theory requires 
that every district where boulders are found dwuld have been covered by the sea; 
here we have independent proofa that such was the casc^ at least to an elevation of 
1278 feet. 

In my Journal during the voyage of the Beagle, I have endeavoured to show that 
the erratic blocks of central Europe were probably transported at that period*, when 

* 1 r^er, of ooone. only to the more tfrnperate tadoentnl part* of iiiin>|W, but it appean tbat booldcn arc 
WHwtii— trampatcd in ttew r^oai, cfoi «t Hw |iiueut tone, flir Jmmmb Hall, in lu MBnalr on the 

" Rerolutions which have affected the mrfiwe of the earth" (Edinhorgh IVansactioiu of the Royal Sodcify, 
Tol. vii. p. 157.), states that in the Sol way Firth (and therefote in salt water) " a large block of stone, four or 
in fieet in diameter, lying within hi^>«ater marie, and well known as having serred aa the boundary of two 

▼inoed that thi« migration was performed by means of a large cake of ice, formed round the itonc, and attaehrci 
to it, and that the whok had been lifted ud carried forward by tb« raiog tide. The ooune of this stone wu 
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its cUnate wu noK equable (cbkfly conMqiicnt on tbe larger ana 4^ water), wbkk 

favours a low limit of the snow line, and tfiercforc the probability of glaciers, the 
parents of icebergs, descending in favourable places into the sea. It is therefore to 
this period, if this view be correct, that we must refer the " parallel roads of Loch, 
aber," and consequently the elevation of the land, not only of the 1278-feet portion 
(which it is ootain has been elevated at an epoch not distant), but lihewise of the 
whole altitnde, whatever it may be, at which boulders occur. If there be others, as 
is most probable, at a greater height than that one on Ren Krin, which I observed in 
merely crossing the mountains at a point 2200 feet above tlie sea, then by so much 
the greater has the elevation of the land been within this same period. Mr. Black- 
AnoRB (in a letter to Mr. Lybll) states he has seen on the west coast of Sootfaind, in 
the idand of Moll, large fragments of quarts rock at the height of 9000 feet, of the 
same description as that found on some of the adjoining islands and mainland. In 
S^ve^^pn M. Skfstrom says that boulders occur at an elevation of loOO feet; in Mns- 
sachuhsi fK, in North America, they are found, according to Professor Hitchcock, at 
3000 ; and on the Jura it in well known they occur, front low down, to an altitude of 
4000 feet. It is interesting to discover, that in oar own country the upward move- 
noits, within same period, have been more than half as great as those which have 
affected the latter colossal chain. But regarding the exact period, allowance must 
be made, since on the one Viand the glaciers of the Alps, situated ten degrees nearer 
the equator than thosu on the mountains of Locbabcr, must have much earlier re- 
treat^ upwards, and ftiled in descending to Uie level of the sea, during the change 
from the former to the present dimate ; whibt, on the other band, to counteract the 
equatorial influence, they were appendages on a greater mass of snow accumulated 
CO far loftier chains. 

Section VIII. — On fhe small amount of alluvial action since the /ormaflnn of (he shelves. 

1 now pass on to another consideration. Maccuu^u was much struck with the 
ftct, that hi many cases where a shelf crossed a rivulet, I mean one of those silver- 
like threads of water which descend the flanks of steep monntuns hi nearly ttra^ht 



narked upon the mud below by a deep and linMdfiuT(nr« irtiMi mniainti TfaiHtt frrr n loiq; tim iftanrandH 

aj> I have been informed by several members of the Society, who ?nw it after an interval nf man thnn n vear." 
I pretume from the position of the atone as a land-mark, and from the distance it was trunsported by the rising 
tide, tint tte tew Ul liyitiiaMge Mint lumbMaddurol^^ WhatwoaU 
liKTe been the effect if this large and heavy blocL hud been puihed over a surface of l^ulid ruck instead uf suind? 
nusqaefltioa will recall to the mind of thoae who have read the late papen of Messrs. CHARrsKTisa, VaNa-n, 
and Aauan, fhe caM of die Uwgilwdiiially and eUiqiidy ■cntelwd ndn of Hw Alpa. In Ae Addenda to my 

Journal durin;^ the voyage of the Beagle, I have endeavoured to »huw that the jia^sage of lev, with imbedded 
fngmcnts of rock, acting at succeauve levels on the auriiacc of shoals during the gradual rising of the land, 
oflb»tlMiiw<t|gpol»Ue explanatkaaf tlwacMttdM and greovM, vliielilHife justly excited aoiwidivnntiiHi 
in SeoOand and other flaiBca. 
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IStM, it freiiuently entered a litde way on each tide of tfae gnlly. From this fiict it 
is evident that the gnlly must have been partly formed before or at the time when 

the shelves were sea-beaches. I particiilai ly ol)servud several instances of this struc- 
ture. One which struck me most was in Glen Roy, opposite a gap in the mountain 
which l^ds to Glen Fiutec ; here two sinull tiueads ot water were united at the point 
where the line of ah^ crossed them, and at their junction the rock was much es- 
posed, 10 that any one would have eapposed that the furrow in which they flowed 
had been entirely hollowed out hy their action, fiut the shelf curved in a little way 
on each side ; and, what was more curious, the apex of turf above the point of jtinc- 
tion of th<- two streamlets had evidently originally formed part of the shelf. By this 
it was sliown that the entire hollow, with the exception of the actual beds of tlie 
streams, must have existed as an indentation or little cove on the line of aucieni mui- 
beacb. It appeared to me that the extent to which the shelves entered theie fiirrowa 
did not bear any cloae relation to the power of the streamlets now flowing in them : 
thus on Torabhran (in front of the houses of Roy) a great gorge which is impassable, 
:infl where the rock is bare and shattered, has been deeply cut into by tiie winter 
torrents, and yet tbf '^liclves enter only a very little way on each side ; whei-eus in 
other cases we find a hollow or creek of some size, but with an insignihcaut stream 
flowing in it, for instance, that opposite the gap of Glen Flntec, which has not even 
removed the remnants of the shelf from the head of the guSIf, in which it has flowed 
ever tane» the retreat of the sea. 

Without entering here into a full consideration how the^e gullies were originally 
formed, and whether the indentations made in the Im ach at one level might not be 
produced downwards to another, I will only rem;uk, that the sea in most situations 
certainly does alter the form of its coast, and yet that an accurate map of any shore 
gives a line indented in such manner, that a series of them, if placed one above and 
a little behind another, would produce the same kbd of furrowed svr6ce which cha> 
racterizes the mountains of Lochaber, as well as most others. I will further observe, 
that when travelling along tlie shores of northern ('hile and Peru, where the alluvial 
action is reduced to an exceedingly small measure, and where it is not probable that 
within a recent period there has been any great change of climate, 1 was repeatedly 
much surprised at observing how absolutely similar all the minor inequalities of the 
surftce (yet covered with beds of sea sbdls of exiting species) were to those of 
countries, where almost every detail in outline is nsoally attributed to meteoric 
Dgency ; I could perceive only one difference, namely, that the larger valleys had un- 
usually flat bottoms. AU!ioii<:h fully convinced of the truth of this fact, I confess I 
was astonishrfl tit fli^covenng in the mountains of Scotland, which have been exposed 
during a vast period to the destroying action of a wet and boisterous climate, clear 
proofs that almost evoy fiirrow and inequality has been left nearly in the state in 
which we now see it*, by the retirhig waves of the sea. From the preservation of 

* ltfaiCMC^pBrftete«o«wyby lM <g tt ii| |ft MyMciii^ 
•IDCCCXXZIZ. L 
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some of these benches, one rnn point to the very spot, and declare so much vra« re- 
moved when the sea stood thei-e, and so much since by the ruoiUDg sU'eams ot tresh 

It may be askedj hat tbe present allof^ actioa done nothing here? Sooaething it 

assuredly hae done, bat I repeat, camparatively nothing to that which wae efieeled 
before the sea retreated. In Chile I concluded that the action of the more rapid 
rivers and torrents was chiefly confined to rfmnving- the littoral and subUttoral de- 
posits left by tbe arms of the sea ; and ^ceoudanly in cutting, as soon as tbe upper 
beds were removed, a waU-aided gorge through the eolid rock. It ^peaied, that m 
kng as tbe river had its passage thrangh tbe water-worn meioials, from the gnat 
fecility with which it ohaaged its course, its bed was broad, but as soon as it reached 
the solid strata it became exceedingly nni tow. Those conclusions are in strict con- 
formity with what I observed In the glens ot Lochaber. l)f the small amount of cor- 
rosion etfected since the sea stood at a level of tbe upper shelves, there arc some ca- 
lions instances. Sir Laudbr Dick, in describing in detail the liead of Glen Qlnoj*, 
conclodes that the river has worn there, during the immense period which must have 
elapsed since the water (of the sea) retired from the 1278-fect shelf, a remarkable 
chasm between fifty and sixty feet in depth, but only a few feet wide. Tlie stream 
m the noitbem arm of (iien Turet has cut for itself a passage in the solid rock in 
only a part of tbe vali^, between the middle and tbe 972-feet didf. In Upper Glen 
Hoy the soatbern stream ikdis into the plain by a cascade, to the upper edge of which 
on each side the 1226 shelf approaches close. I did not asoend the spot, but as far 
as I could judge, the water has not cut back more than at most a few yai-ds, into the 
rock over whi«'!i it Tails Other similar instances might be adduced. Although none 
of these streuius lorui great bodies of water, yet when flooded by tiie winter rains 
they cannot be inoonsiderabb t and tiidr action has been prolonged fitr so vast a pe- 
riod, that tbe geographical features, together probably with the climate of the conatiy. 



aheWes paaaing over them and into the intcn eniu!^ hollows, «e know were so left by the aeft. I hope uyoM 
w)u> ft rls Interested on this anbject, will ccirefully examine the pUtM acwmpmyiay Sir LAOoia Dick's paper 
(Edinburgh TrMiaactionB. toL ».)• ""^ espccinllj Plate IV. The sMfct OD fhe Icfk tide (looking up the glen) 
bend iato dl fhie piiilEipil gldUai; and on the right side, direct! in front of the foreground, bj looking doM 
at the plate they will to seen to curve a little way Into each of the {>crj:<.-iidu ular furrows (somL' thinning out and 
others commencing), tbe bottoms of which hare evidently been much deepened hj the descending streamlets. 
HmMc* ^«cn1i7tfaeie pklci «f ttw state of miftn to tiww nwimldiii, imlaf the ■amwr to«Uch tlw 

(htlvcs bend roiincl the headli\ncls and enter the e^illles, ajipcttrs to mc ercredingly fikithfiil; although the glea 
itself, as re^iresented, is too narrow and profound, and tbe sides much too steep. To view this Plate is a Insrom 
fbUafiBMnwlimitoaegedliiiW; far h» irill aeuedf M to be ntaoiM wim be mm flitt tlia dwwinf k 

charact»'rLitic of uny ordinarj- valley in a mountainous country, anJ at the same time to find himself coiuiK-lled 
to sdmit, that even the little furrows, which it might be thought bad been formed but yesterday, must have owed 
tbeir origto, tt least io great pert, to die •uecMHVe csfia or mdcutatiaim. oondaaed one bdoir enollwr on 
jncicnt ?ea-bcache9. 
« £diabui|^ Thiniirrtiwis, vol. ix. p. 26. 
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have been gieatljr dunged* The voehy cieets of the flioiintaine no doabt hate snf- 

feml from the weather ; btll the perfection of the shelves over spaces mmj hundred 
yardh in IrTitrth, and in the case of Glen R<iy fw here the three shelves occur) of some 
huudred tect in vertical height, clearly proves that as the sea left the greater part of 
the surface, so does it now remain. Amongst mountidns the buratiog of temponny 
laikes may sweep away or aoeomvlale vast quantities of raU^h in the vaileyB ; earth- 
quakes may hurl down piles of fragments ; and torrents during the lapse of ages» or 
under favoiit able conditions (uncli ns the descent of many pebbles), may excavate a 
gorpe of almost any depth, but which, as far a« it is possible to judge, will alwas's be 
narrow uud steep-sided. All this must often have liappened, and will so again ; but the 
glens of Lochaber plainly show that the effects of ordinary aUnvial action is exceedingly 
small, Ihr smaller than any one wonld have anticipated. And aa their outline does 
not differ in any marked degiee from that of all other valleys, this ooodnsion may 

be extended to other cases. 

In Glen Roy, where the tiu-ee shelves can be seen near each other, little or no dif- 
ference can be perceived in their state of preservation ; indeed the upper one, I think, 
is more perfect than the one below it. From this ftct an argument has been ad- 
vanced by Dr. Macculloch, that no long interval of time could have cl^Med between 
their formation. But this view is quite inadmissible ; either the worn and deeply 
notched rock of the shelves on Tombhran, or the buttresses on the middle shelf fas 
at the head of Lower Gten Roy), which are composed of lai ge masses of well-rounded 
shingle, is suffident, without considering the MimNerfMfe«/te^ and other appearances* 
to frooe that the water must have remained at levels intermediate between the highest 
and the 972-feet shelf for very long periods. Hence the alternative is obvious, and 
is in direct accordance with what has already been advanced, namely, that the ordi- 
m\i-y alluvial action is so excecding:ly small, that whether the surface has been ex- 
posed during one, two or more whole epochs, no seusible diifereace cau be perceived 
in the state of its conservmtioii* 

Of the many remarkable features hi the geology of this district, few, perhaps, are 
ooie remarkable than this perfect preservation of ite sarfiice. We have a mound 
composed of soft materials so small, that it oftentimes cannot he distinguished, by a 
person standing on it, from the adjoining slope, but which it is not probable, from the 
structure of the mountains, was ever much larger; and yet this very mound, when 
viewed from a distance, will he seen to extend for many hundred yards, even miles, 
continuous and perfect, with the exception, perhaps, d a few small breaks, where 
some streamlet descends. On these same mounds wc can sometimes distinguish those 
fragments which have been watched by the little waves of the ancient waters, from 
others which have since fallen ; and at Loch Treig, at the height of 972 feet above 
the sea, the tide-scooped rocks appear us if scarcely a century had elapsed since they 
were washed by the ripple of the eddying currents. The preservation of the dmidicd 
mounds in Britain has often been adduced as a drenmstanoe worthy of attention ; 

l3 
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but here daring .1 period which cannot be reckoned by thousands of years, but only 
by those g'rcat revnintions of nature which are the effects of slow and scarcely sen- 
sible changes, works smaller than those ancient ones dedicated to superstition, retain 
each outline nearly as perfect as when first formed by the hand of nature. 

These fiuste are Interasting onder another point of vieVp for thqr prove lo na that 
we may trust the plain inference of our ezpericncei. Althoogh we ne* the stone of 
many ancient buildings decaying and crumbling aw ay, yet we know that others, as 
the obelisks of Egypt, have lasted more than three thousand years, with the hiero- 
glyphics nearly perfect on them : now we cannot see aity reaMJo why their general 
ontliiie, even in pointe of detail, ahoold not last a hnndred timea three thousand years. 
A^n, although we anight expect tiie crest of a moontain range to be 8hatlered> and 
the bed of a torrent to be worn down more or less deeply, yet if we look at a COnvOX 
slope of soil clothed with turf, and drained on each side by rivulets, we can see no 
reason, as long as the vegetation is persistent, why such a slope (with the exception 
of auy spot where u waterspout might burst, or a stroke of iightuing fall) should not 
kttt for as nmny thouand centuries as the obefisia of Egypt sbaU remain entire. Of 
tlie jostioe of these inferences, conclusive evidence is allbrded by the state in which 
we now see the mountain* of Lncfaabery— a state of which we approximately know 
the high antiquity. 

Section JX.~(M the hormtaSfy ^tke «kdoei, md on Me equabk aeHon qftiuek- 

fMrtnyybrcei'. 

Sir LAtrnaa Dick, with Mr. Macu>am*s assistance, seents to have determined within 

very small limits the absolute horizontallty of tfaeseveral shelves. A delicate eighteen- 
inch levelling instrament, made by Jones, \vns employed. Sir L.\rnEn says-|-, "Di- 
recting the object-glass of the instrument to the nearer, and immediately opjin>;itc 
corresponding line of shelf, it applied all along most accurately to the horizuutul hair; 
but when pointed to those lorliier off (some of which were perhaps five or six miles 
distant), they appeared to rink sensibly bdow the hair, and this in proportion tothar 
distance IW>m the point where we stood i but they were nowhere observed to do so in 
a greater ratio than the allowance for the curvature of the earth at such rectilineal 
distances demanded. And, what was in our opinion most conclusive, when the tele- 
scope was pointed to, and made to traverse along any particular portion, which, from 
being directly opponte to the eye, might have been {Mesumed to be nearly equidistant 
In all its parts, it was found to preserve an uniform relation to the horizontal hair." 
The same results were obtained in other instances: but yet the angle of depression 
of the distant shelves does not appear to Iiave been actually measured, and its corre- 
spondence with the curve of the earth calculated. But it is quite certain that if any 

* Coosult Professor Pbiiups's intcratiiig |nper on thi* nil^ct. Oeolagical PMoeedingt, vol. i. p. 323. 

Apg. issi. 
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dilference from that curve exists, it must be very small** Here then is a ease which 

supports apparently with more weight than perhaps any one hitherto advanced, the 
doctrine that the land is the stationary element in these ebanpe« of level, and the 
ocean tiie fluctuating one ; for it may well be asked, can we suppose that a whole 
country shall have heeu lii'ted up without the sinailest ascertained flexure of the an- 
cient coast lines } Withont revertiog to the w^giument of the raovemrats now in pro- 
gress, some upwards and some downwards, or to the difllcnlfj of imagining a recep> 
tacle for a stratum of water, nearly 1300 feet thick, concentric with the globe, I will 
consider the phenomenon in another point of view. It appears from the facts given 
by Mr. Lyell in his I'rinriplcs of Geology-|>, and in the Philosophical Transactions J, 
that a large tenitory in Sweden Is now rising at the rate of three feet in a century ; 
and that the area affected reaches from Gottenburgh to Tomeo, and thence to North 
CSape (a distance of lOOOgeogmphical miles), although the rate of elevation increases 
as we proceed northward. We may ther^re safely conclude, that large spaces in 
Scandinavia have been elevated so equably, that at points several miles, if not leagues 
apart, the difTercnce of elevation at the doSR of the past century, did not amount to 
one foot. In South America the wiiole coast of Chile h^ts been elevated within the 
recent period ; and during the great couvulsiuns which atieet thut country, large 
spaces have been uplifted nearly to the same amoant, although some parts a few feet 
more than others. Oa the eastern tide of the same ctmtinent, the land baa also risen 
within the same period, and as earthquake's are unltnown there, the change probably 
has been, as in Sweden, so slow as to be insensible at any one time. On that side 
the traveller may ride for many hundred miles over plains, scarcely broken by a 
single undulation, and where the strata and surface are almost absolutely level : no 
one would there for one moment imagine that the elevatory forces bod acted un- 
equally, bat rather he is astonished that the bottom of any sea or estuary should 
have been so uniform, as most have been that of which the plains of La Plata not 
long since formed the bed. 

If then g-reat plains and mountainous countries can be raised within such small 
limits of absolute horizon tali ty, as undoubtedly has happened in the above cn.ses, 
shall we, who are wholly ignui .int of the mechanism of these movements, be justified 
in rejecting the plainest analogies, in supposing difficulties little short of physical im- 
possibilities, and in belieinng that the reverse of what is ascortidned in other cases 
has taken place in Lochaber, md all nmply because the change of level has been 

* I rtmy bere remark, that the equal elevation of tho vert coast of Scotkod, and isiieed of the whole i3riti»}i 
lalands and other parts of Europe, loay be intend fitOOl Che facta cdleotad by Mr. Smitb in his paper in the 
Bdbbnigk Ncfv PhfloaoiAioal JounnL lUe ndiac mf (toL xzt. p. 888.), ** The giett lenwe Omoini to 
be of marine origin from the presence of organic remain.R), the base of which seems rery gnrrally to habetWMB 
thirty mti /ort]f /mt above the sm> forms a marked feature in the aceneiy of the west of Scotlaod.** 

t BDiiklI.alMip.iia. OaOegiidiHaiinoftlwlndutSwadaa. 

t ■nuMOtknisef the RoplSocNtj. Rati. 1888. p. SS. 



78 



MR. DARn'IN ON TH£ PARALLEL ROADS OF GLEN ROY, 



more equable, than we in oar ignorance could have anticipated? Every one, I think, 
who will attentively consider the above fart-^, will answer with rae in the negative, 
mai vclloiis though the fat i In that tlie beaches of Lochaber, raised on high so many 
hundred feet, should still toliow the curvature of their ancient waters. On the con- 
trary, a most important geological fust is established ; namely tint an ana (twenty 
miles in lengtli and eighteen broad, and perhaps more, if the didves on the banhs 
of the Sp^ be included in it) has been raised 1378 feet above the lerel of the tea, 
so equably, that no donation fr«Mn the true cnrvatnre of the earth can be diacovered 
by the ordinary means of leveling*. 

Section — S^pectthiioiu or ike acHmt qf tkt ekvatmyfiircet, mud conc&noR. 

If we choose to enter on specnlative grounds and to reflect on the secondary means 
which have caused these equable movements, two solutions occur. But first I most 
remark tliat the crust of the earth seems to yield easily to the forces which liave 

acted on it from below ; when we observe a brick-wall dashed to pieces by a cannon 
ball, or a pane of glass Ijy a small stone, we say that both are fragile and yield 
easily ; so when we examine the earth and find it fissured and refissured, one frag- 
ment letdown and another ndsed high up (as we know to be tlw case where estensive 
sections have been obtabed, as in our coaUpits or metalliferous districts), we must 
certlMnly admit, tliat ttie force whush has broken op the crust in vertical planes rela- 
tivdy nearer to each other, compared inth its thickness, than in the fissur^ pane of 
glas^, easily overcame the resistance offered to it, however absolutely great that may 
have been. This same conclusion is forced on us, when wc reflect that tin- very cause 
of the trembling of the ground in earthquakes seems due to the rending ot the strata; 
and that ourtiiqualEeB in many countries are of neh frequent oocunramoe^ that pro- 
bably this hour will scarcely d^pse without the crust somewhere yielding. If indeed 
the crust did not yield readily, partial devations could not be so gradual as they are 
known to be, but they would assume tlie character of explosions. That there has 
been some real connexion in certtun cases between that state of the weather which 
is accompanied by a low barometer and the occurrence of earthquakes, can, I think, 
hardly be doubted ; if we admit Mr. P. bcROPB S explanation of this, that the dimi- 
nution of atmospheric pressure (equal hi some oases to ao inch and half of mercury, 
spread over a very large area) determines the particular time at which the earthquake 
occurs, the force and tension being before almost balanced, we may be sidd to pos- 
sess a rude measure of the force requisite In that area to overcome the coherence of 
the parts, as existing in the interval of the recurrent earthquakes. If then the mo- 

* Considering the great importance of this conclasion, and the many points of interest conmcU-d with the 
■algcot of the ' parallel roads/ it is greatly to be desired that the admirabk opportunity for a cloee examina- 
taoB, iflbidiedliy tlie i atended OnlmaoeSiimy. will be takoi ■drcnlage «f b^tlie genttemcn, io mil qntliSed 

for th* tnak, who eondurt it. 

t In my JounuU during the voyage of the Beagle, I have mentioBed (p. 431 and 432.) some instances of 
tlus. 
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Hve force acts lo gniliially tfaat the earth*s crust can acqaire that dq^ree of tendon, 
whidi caane large portioas of it to yield readily to a very slight additional impulse; 

and if, OS w(> knotr undoubtedly to be the case, the cmst has yielded in innumerable 
vertical planes, intersecting each other like a net-work, and running parallel to each 
other at very short distances, we are compelled to admit that the equable elevation 
of so large an extent oi country m Locliaber, uiubt have resulted from the equable 
action of the denitory forces, nid not tcom the cohesion of its parts. 

Bearing this in mind, the most obvious solution, but I very much doubt whether 
the correct one, is, that no force excepting the unifbnn expansion of solid matter 
from boat, could raise so equably the ijurface of a great fragile mass, as the district 
of Lochaber must be consideied. I donbt this solution, first, because a very great 
expansion is necessary, especially if we include in these movements the elevation of 
the erratic blocks, now lying more than 2200 feet above the sea. Secondly, because 
the movements iqipear to have been of the same kind as those ia the not distant 
country Sweden \ and there tt has been shown by Mr. Ltsll, that near Stockholm 
an alternate movement of more than sixty feet has taken place within the human 
periof! ; and one is strongly tempted to believe that there is .some relative connexion 
between the areas in Northern Europe which are rising and those w!iirh are f]uietly 
subsiding. These focts to be explicable on the theory of expansion, require, as it ap- 
pears to me, &r too capricious an action, in so dauhf and 6r-pervadtag an influence 
as heat, to be admitted} whilst on the supposition of mecbaniCBl displaoement such 
difficulties are not presented. Thirdly, became (and it U my chwf reason for ngect- 
iiig the agency of expansion by itself) the movements appear to have been of the 
same order with those runv in progress in South America; and in that country the 
elevation of certain wide areas, as 1 endeavoured to show in a paper lately (March 7, 
1838) read befiure the Geological Society, cannot be attributed to any other cause 
than an actual monemml in the subterranean expanse of molten rock : to speak only 
for example sake, such as would result from a change in pontion of those inequali- 
ties in the ellipticity of the earth's surface, which srrni indicated by the measurements 
of arcs of meridians. It may also be inferred, from the facts given in that paper, that 
the fluidity of ibe nueieus must be tolerably perfect. In the volcano, even the lava 
which is propelled to the summit of a mountain, far beyond the subterranean isother- 
mal Mac of melted rock, and poured out on the surfiMMs, Is olkentimes so flnid, that it 
runs into thin slweta like molten metal. Also at the junction of the plutonic with 
the metamorphic formations, we see tortuous thread-like veins branching from the 
former into the latter, which could only have been injected when quite liquid. Here 
the rock has been melted at a great depth under an enormous pre-isure, and yet the 
fluidity must have been very perfect : such plutonic rucks moreover form the beds 
on which all others rest. Considering^ these latter facts, together with the inferences 
deduced from the phenomena obaenred in South America, it may be granted as not 
improbable in any high dqjree^ that this part of Scotland when it was upraised rested 
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on matter poa aMBc d of considerable flnidity, which underwent a Aaw change of form. 
If this be granted, tb^ ia no great diffioidty in conceiTing that the snr&ce of tlie 

interior molten matter might retain that degree of curvature proper to it, as tlie 
resultant of the unknown force with that of gravity and the cpntrifugal impulse. 
Moreover, as we must conclode from what we now see ^^ointr <>n in South America 
and in Scandinavia, that the areaaffected was large, the diiferencc between the amount 
of curvature of the fluid naclena after the riee in that part of one or two thonrand 
fleet, wonld be exceedingly small, and itt outline scarcely distingnisbable from that 
of the ocean, and certainly not from that of a sea affected by Tarions tides in confined 
channels, which in the case of Glen Roy affords the only standard of comparison. We 
may almost venture to my, tliat as the packed ice on the Polar Sea, with its ham- 
mocks and wide fioes, rises over the tidal wave, so did the earth's crust with its 
mountains and plains rise on the convex surfaces of molten rock, under the influence 
of the great secular changes then in progress. 

After these considerations I am for from thinking it an overwhelming difficulty, 
that the curvature of the shelves of Glen Roy over a space of fionr, or five, or perhaps 
even twenty miles should appear to be the mmc with that of the snrfiice of the ocean, 
within tliat limit of armraey which the nature of the case renders possible. On the 
contrary, I deduce from their curvature, first, that the district of LoehalHir formed 
only a small part of the area affected j secondly, a confirmation of the view, which I 
deduced from the phenomena observed in South America, that the motive power in 
such cases is a slight additional convexity slowly added to the fluid nucleus » and 
thirdly, this additional foot, that we thus obtain some measure of the degree of homo- 
geneous fluidity of the subterranean matter beneath alarge area, namely, that its par- 
ticles, when acted on by a disturbing force, arrange themselves in obedience to the 
law of gravity. And although wc arrive at this conclusion with some surprise, when 
relating to the abysses of the nether regions, we see it habitually verified in volcanic 
oonntxles, where a torrent of lava, chedced by some obstade, has expanded into a 
level sheet. 

Mr.LvBLL, in his Principles of Geology*, quotes a passage from Sir John Hbmschbl'b 
Astronomyf-, to show that whatever may have been the original figure of the earth, 
the wearing down of the solid matter and its rcdeposition at the bottom of the sea, 
must tend continually to change the actual figure of the earth, ;is Pl.\yfair:{: expresses 
it, into the statical one : he then adds, " that the same remark applies to every stream 
of lava floidng on the surikce, and if the voicanic action should extend to great 
depths, so as to melt one after another different parts of the earth, the whole interior 
might at length be remodded under the influence of similar dianges, due to causes 
which may all be operating at this moment.** Now if it be granted that the curvature 

* Principlea of Geology, Book II. chap, xrtii. p. Sll. 6fh «dilL 

t Cabinet Cyclopedia. Astronomy, p, 180. 

i lUustn^on* of Huttouiaa Theory. ' 
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of the shdvei of JLochaber is doe to the deratioa of the dieiriet by meana of a snb- 

temmeous expanse of fluid matter, the atoms of which obeyed the law of gravity, it 
cannot be doubtefl tfu'v would likewise obey that of the centrifugal force. Therefore, 
if the figure oi tiie earth did not already very nearly approach to that of a splu i oid of 
equUibrium, regions near the equator and others near the poles, during the ciiaugts 
of level maw aetaally in progress, wonld be acted on by liMrces greatly different ; and 
cooMquently «• the crast does now yield (and has yielded in an infinite nninber of 
planes,) the statical form would be immediately acquired. This view Is here f^ven, 
because a directly oppoeitOi and aa I cannot but think incorrect one, baa been advanced 
by Plavfair*. 

In concluding this paper, I will briefly indiesite the chief points which receive illus- 
tnition from the examination of the dii$trict of JLochaber by Sir Thomas Lauder Djck, 
Dr. Maccullogh, and myself, let. Nearly the whole the waterwom materiak in 
the vmll^ of this part of Scotland were left, aa they now occur, by the slowly re- 
tiring watnn of tlie sea ; and the chief action of the rivers since that period has been 
to remove such deposits ; and when this was effected, to excavate a wall-sided gorge 
in the solid rock. 2nd. During the vast period which must have elapsed since 
the sea stood at the level of the upper shelves, the alluvial action has been exceed- 
ingly small : steep slopes of turf over large spuceii and the baie surface of rocks have 
been preserved even perfectly $ and we see every main, a* well as most of the lesser 
inequalities of the land, in the state in which th^ were then left. 3nl. The elevation 
of this part of Scotland from the level of the present beach to the height of a/ leati 
1278 feet has been extremely gradual, and was interrupted by long intervals of i-est: 
it hiu? taken place since the so-called ' erratic block period. " 4th. It is prol)able that 
the erratic blocks were transported during the quiet formation of the shelves. One 
was observed to occur at an altitude of 2200 feet above the level of the sea. 5th. The 
extraordinary feet that a large country has hem elevated to a great height so equably, 
that the ancient beach-lines retain the same, or nearly the same cnrvatnre^ which they 
bad when bonnding the convex snrfece of the ancient waters. Lastly. The in^ 
ferences from this head, supported by other cases, namely, that a large area must 
have been upraised, and that this was effected by a slight change in the convex 
form of the iluid matter on which the crust rests; and, therefore, tliat the lluidity is 
sufficiently perfect to allow of the atoms moving in obedience to the law of gravity, 
and consequently of the effects of that law modified by the centrifugal impulse. Hence, 
that even the disturbing forces do not tend to give to the earth a figure widely dif- 
ferent fipom that c{ a spheroid in equilibrium. 

Postscript. 

T am much indebted to my friend Mr. Albert Way for his kindness in lending me 
tb( lit i^'ing, from which the accompanying lithographic &ketch has been taken. It 
very iuithfuily represents the general appearance of Glen Roy. 

* Ulostntioiu of the Huttonum Theory, p. 488. 

MDcccxxxnc. K 
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V. Am Aecmmt <^th« Fail Meieme Stone in the Cold BoMtewld, Cape of Good 
Hope. Bg TnmM MACtSAit, Esq. F.RJS. ^c., in a Letter to Sir John F. W. 
Hbmchbl, Btarl. V^.tLS, Sfc. ^c. Chmmunietteed btfSirJ,F. W. Hbmchbi.. 

Bcedved IfHch 7.— Rctd limk 9U IBM. 

Bajwl Obaenrntory. Cape of Good Waft, 
November 24. 1^8. 

Dbar Sn John, 

A BIETEOR exploded on tlie 13th of October in the Cold Bokkevdd, with a noiae 
ao load M to be heard over an area of more than aeventy milee in diameter^ in brood 

daylight, about half-past nine in the morning. It was seen traversiog the atmosphere 
north-east of the point where it f xi)l(K!ed sixty miles, of a silvery hue, the air at the 
time calm, hot, and sultry. I'iie liaionieter chanced to be observed at Wok Lsti r, 
where the air was abo calm uad hot. It stood at the lowest point of its range, but, 
from the oomtmction of the inelnunent, that point cannot be noted in indiee nnleae 
bjr comparison with aaotherj which I will endcavonr to liave done the llvat opfor- 
tunity. 

The explosion was accompanied by a noise like that from artillery, followed by the 
fall of pieces of matter, of which I send you the largest and !)est specimen I have 
seen, procured by Mr. Watermeyer. Portions fell or were dispersed on the ground 
at the distance of an bonr, or five miles from each other. Some £aUiug on bard 
gnmnd were smashed ; others on moist ground phuged into tlie earth ; and I am 
told tliat one piece made a hole as brood aa three feet, and sunk deq>. It is stated 
to have been so soft as to admit of being cut with a knife where it first fell ; then it 
hardened, but I cannot learn anything as to its temperature at that moment. If the 
reports are correct, I estimate the original solid mass at five cubic feet, via. the sum 
of all the portions Uiat fell to the ground. 

That which I send to you is a good specimen, f6r the fractote is exactly simihir to 
dioee 1 bavo seen tibat fell daewliere, lrat» from l>eing broken into small pieces, few 
of them have any crust or outside to show the state of fasitMl. This exhibits that 
state all over: whrn thp two pieces are applied to each other they exactly fit, and show 
that it was in a '-tatr of ir;[ution when it separated from the rest in the air 

Mr. Judge Menziks told me he was returning from circuit accompanied by Mr. 
Gtaowm T^nmPBOM. On the morning of the 18th ** lie was in the bash,* aboot sixty 
miles fnMn the Boklcevcld, on liis way homewards. Ibe idr was hot and calm, as 
pceoeding a thunder storm, but tlie cloads were not daricj on tiie ctmtrary, tb^ had 

m2 
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an unuBoal reddish tint. About half-past nine his attention was roused liy some- 
thing lilce a meteor, of a silvery colour, posnng through tbeatmospberei to winch he 

directed the attention of tliosc about Um. The object moved in the diirction of the 
Bokkeveld. He proceeded on his journey, and arrived in the evening at the place of 
Mr. Db Toit, where he was told that a mrff or had exploded in the morning, with a 
report as loud as " from three pieces of cuimon, and that some of it fell close to the 
place, one nearly striking a person in a field. 

Mr. Trotbk, dvil Coramisrioner of Woreester, was sitting in bis office. He told 
me that the windows suddenly shook; in)iiiediatc1y a rumbling noise followed, which 
he supposed was the precursor of an eartli(|uake ; his barometer stood at the lowest 
point of its range. Mrs. TmjTKn heard a similar noihe in the dwelling-house; other 
persons in the town were startled by the like noise ; the next day he heard of the 
meteor in the Bokkeveld. The statement made to him by several persons is so like 
the statement in the inclosed letter of Mr. WAnBMBysR*e correspondent, that it is 
nnnccessary to repeat it. 

Understanding that Mr. Watermever had obtained a portion of the meteorolite of 
considerable dimension.«, I wrote to him to request a piece for you. He returned the 
inclosed reply, togctlier with the whole specimen, wherein you will find that lie had 
designed it for you. The clergyman's communication is clear and coroprcheasive. 

On reference to the Obsmntocy Meteovoloi^cal Jonmal, tliere is nothing remark- 
able noted. 

Wind. 

Oct. 12. 94 30-191 60-1 58-5 4 S. 8 blue. 



h 


Baram. 


Out. Ther. 


Wet. 




30-191 


60- 1 


68-5 


20? 


•247 


68-2 


62-5 


Noon 


•242 


74-2 


67 


8* 


•830 


74-3 


68*7 



38J 6 1). cirri. Direction boriz. 
13. Noon -242 74'2 6/ li SSW. 6 blue cirri. 

4SSW. 6 blue cirri. 
Tberefora the eflbct did not extend so for. 

Yon will find the Cold Bokkeveld on the map by carrying your finger along the 
parallel of St. Helena Bay. 

Believe me, dear Sia John, 

Your faithful Servant, 

Thomas Mmmae. 



uiyui^cj by Google 



COiLRE8POND£NC£ ON TH£ FALL OF A MBTBORIC STONB. 8S 

Thnuiated Extract /ram a Letter of the Rev. Mr. Fahn to Mr. WATBnHByiB, dated 

Tulkagk, 6 Novem. 1838. 

The object of these lines is to fulfil my promise in sending to yoo herewith one of 
tlie stones which fell simultaneously during the atmospheric tremor in the Cold 
Bokkeveld, on the 13th of October. This stone was found between the estates of 
Jacobus Joosten and Pieter dk Toit. bcvei-al have fallen on the place of Ruuolph 
VAN Heerden, where one fell on the hard road, and was dashed to pieces. Another 
on a ploughed field sunk a few inches into the ground, and a third ftlling on a moist 
phce near water, lodged itself to the depth of several f^et. Some people say they 
observed smolce whilst these stones fell ; and also that when they were picked up a 
smell was obserrable, as between sulphur and <,^nnpowder. 

The stone which you receive lay one hour di'itnnce fVoui the place where the others 
were found. lu the same direction in which the agitatiuu was p«rceptible, viz. from 
N.W. to SJB. more stones were found. Some people saw in the same direction also 
a dark bine streak, which lost itsdf in a south-easterly direction. X have another 
somewhat larger stone in the Bokkeveld, which was too heavy for me to carry on 
horseback . 1 1 the lat ter one can be of service to you, I shall not fiul to wad it. This 
stone was found in two pieces, as it is at present. 

jifi*. WATBBiiByBB*s LOUt to Tbomas Maclbah, £§q. 

Wedneaday Morningt 
SI KoKBu 1SS6. 

My DEAR Sir, 

I !)ave to thank yon for the favour of your note of Saturday last by JDoctor 

Krauss. 

As soon as I received the accompanying specimen, it was destined by me for our 
mudi-esteemed friend Sir Jobn HMscHnii. Yon will ttterefore perhaps have the 
kindness to transmit it to Sit Jobn, with my shMserest regards, by some fit oppor- 
tnniiy. Ihave added (in the preceding extract) whatever little infonrmtion Mr. Fahn's 
letter contains on the subject. I shall write to Mr. Fahn by this week's post, to send 
me the second specimen also, of which he speaks. If there be no immediate oppor- 
tunity of forwarding it to England, it might perhaps be proper to exhibit it first at 
our next Institntion meeting, as I have not yet had an opportunity of showing the 
stone to any of its members. 

Believe me, my dear Sir, 

Sincerely and respectfully yonri^ 

J. Watbiiuysr. 
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C^emkal Aecoimi ^ the CM BokkeveU Meteoric Stone. Bg Mi ghabi. Fabaoat, 
E»q. D,CX, F,R.S. Sfc^ in a Letter to Sir J. F. W. Hkucmu, Bart, V^JLS. 
^c. Ommtmeated by Sir J, ¥. W. Hbbmbbi» Horf. 

BMdfwl Mudi 7.— RmiA Maidi 91. 1899. 

Boyd IiiMilttkii. 
FclbraKySS, 1B89. 

My pear Sir John, 

1 am at last able to send you u cticmiral account of the meteoric stoae, leaving its 
physical characters (except some of those which bear upon the chemical results) en- 
tirely for your observation. 

The etone is aoft, porous, and bygrometric. A piece of it which, at commoa tem- 
peititare, weighed 194*4 gnuns, by bring perfectly saturated with water under the 
air-pump receiver, became 202 grains, and when thoroughly dried became 1S2*9 
grains. In its most moist condition it had a specific gravity of 2-48, which, if abs- 
traction be made of the water in it, would give a specific gravity of 2*94 for the dry 
stony matter. 

It has a very small degree of magnetic power, and that ie irregularly disperted fn 
tlie stone. 

The heat of the mouth blowpipe sends off nipbur, and soAens, bnt does not fuse 
it ; a higher heat, after softening it htill more, makes it run intOftTCiy fluid StBt^ 

the globulf whes^ cold being black and opake. 

Tlie composition of the stone may be gathered from the following analytical re- 
sults, calculated for 100 parts of the stone in its natural state: 



Water 6 50 

Sttlpbnr 4*24 

Silica fiS'OO 

Protoxide of Itoa 33*22 

Magnesia 19*20 

Alumina 5*22 

Lime 164 

Oxide of niclcel 0-82 

Oxide of chromium 0*70 

Cobalt, a trace 

Soda, a trace 



100*44 

I bare entered tbe iron above as protoxide, and nearly tbe whole of it is in that 
state. Bill there are portimis, though very smid], of metallic iron present. I could 
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not colleet more Ibaii 9i>6 fton 100 parts of tbo trtoiM. Of tbia the largest pordoa 
WW ID very fine partidca, recogniaable only by thdr nngnetie properties^ and tbe 
evoliition of bjrdro^n by dilute salphuric acid; bat tbere was one piece of eoffident 
size to show the malleability, lustre, and other general properties of the metal. Thii 
metallic iron contained nickel as well as the stone generally. A part of the iron in 
the stone was also in the state of sulphuret, as was evident by the sulpbaretted hy- 
drogen evolved on the action of acids. 

The fesQlt wtth regard to tbe st^^tir was obtained in the form of snlpbate of b»i- 
ryta ; but dioug^ I have entered it as snlpbnr only in the analyris, it did not all have 
that state in the stone^ for a part of it was tbere as^sulphuric acid. In fiu:t, water 
only, when boiled with the stone, removed small portions both of sulphate of lime 
and sulphate of soda; and this was the ease when, on repeatinjr the experiments, I 
was very careful to take parts from mnldk of the smaller Iragment, parts which 
bad not seen the light until i broke them out. It is a question, however, whether 
the soda belonged to the alone when It fell, and what proportion sulphurie acid 
was in it at that time ; for the stone being porous and hygrometrie, tbe water and 
air in it may have converted a part of the sulphur into sulphuric add; and as to the 
soda, I think it must have hoax acquired upon the earth ; for the water separated 
also a portion of dcstrnctiMe orj^nic substance, and the larger fragment of the stone 
still has small particles of ins(>lat>1c vegetable matter adhering to it, liaving the ap> 
peaiance of being derived from manure. 

I am, my dear Sir John, 

Yours most faithfully, 

M. FAnAOAY. 

iSw* John F. W. Herschbi.» Bart, 
tfc, Sfc. Sfc. 



[ w ] 



VI. i^A Letter on FoUak GmilbmutUm», with mmm Jeemmt t/ike Egeett efa large 
Ouutaut Battersf' ^Jdretted to Michasl Faradat, Eeq, D»CL, FJLS», 
ierkmJPnjf. Ckem. Ra^iuHtvtian, ijfc* S^. Sjy J. Fmnwc Damibii^ Se§, 
FJiS., Pnf, CAeM. «■ MS»^* College, Londut. 

Ktettni April ll.*-BMd May 90. 18W. 

My dbar Faraday, 

In my last letter to you, which the Royal Society have done me the honour to pub- 
Uth in the Ptulompliical TVanMctioDA for 1838, 1 obaemd, that the principal dr- 
eamstanoe which might be anppond to Itmit the power of aa active point within a 
COOdaciing tphei^ in any given electrolyte, is the resistance of that electrolyte, whidi 
increases in a certain ratio to its depth or thickness." The superficial measare of the 
conducting^ sphere, and the distance of the generating metal, or the depth and re- 
sistance of the electrolyte, are, in fact, the variable conditions in a voltaic combina- 
tion upon which its efficiency depends ; and their relations require further investiga* 
tion before we shall be able to determine what maybe the proper proportions for the 
economical application of the power to usdiil pnrposes. I shall ventnce, tlier^te,. to 
trouble you with the residts of some further experiments upon the subject, and npon 
different combinations of the constant hatten,', before I proceed to ooiT>Tniinicatesome 
ol)^f:rvation8-upon Electrolysis, which I trust you will find not without interest, and 
to which, according to my plan, my attention has been lately exclusively directed. 

Looldng, fiw a moment, upon tlw afiuty whidi dranlates in the battery as a np 
diant force, it seemed desirable to ascertain what would be the result of hitnoepliiig 
the rays by the cooductinf snrfoce nearer to tlieir centre than in the arrangements 
which have been previously described, as the relation of the generating and con- 
ducting metals to each other might he thereby more cli n ly a«rortained. 

For this purpose I construcref! a battery of ten cylinders ol copper, nineteen inciies 
in length by 1^ inch iu diameter. As the quantity of acid and sulphate of copper 
wfaicb these cylinders oonld contain waa bnt small, it was necessary to provide for 
the perpetaal renovation of the charge as the sine became dissolved and the copper 
precipitated. This was effected by connecting all the membranes which held the acid 
and the zinc rods, at their lower ends, with a pipe terminating in a stop-cock. Their 
upper ends were fixed in a cistern, from which they could be trradually supplied with 
fresh acid as the saturated acid Howed out below. All the exterior cells formed be- 
tween the membranes and the copper cylinders also terminated below in a common 
reservoir, surrounding tlie former pipi^ by which their exhausted eonteata «>nld be 

MOOCCXXXIX. ft 
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diwm off, as a tteA supply of sulphate of oopper ms fiinushsd item above by an 
exterior cisters boUiog the solatioD. When the battery was in aedOD» a ntmatcd 

solution of sulphate of oopper, tbns supplied from the top, could be drawn off almost 
colourless at the bottom ; and it remained constant for a considerable time. 

The effect produced was H cubic inches of mixed gases per minute, measured in 
the voltameter formerly described. 

I cotupared this result with that obtained from a battery of ten cylinders, twenty 
inches in leiigth and 3^ inches in lUameter, wtiUik gave in the same vcAtameter deven 
cubic indies per minnte. The soiftees oC the oondndlng cg^findeM irare respectlvefy 
89*6 square inches and 990 square iachss; and the produds of gas in equal times 
were nearly in the same proportion BS HhiB sorfiwss. The nnc rods were ^ inch in 
diameter in both ca<^es. 

I next proceeded to compare two small hemispheres ot copper with the large he- 
misphere of brass of 9^ inches ^ameter, formerly desocibed*. They were fltted np, as 
before, assbgle drcuits,irtth asinc trnU of one indi diameter, first placed In amem> 
brane lidoar tlie suifooe of the solution of copper. The measure made use of was the 
calorific galvanometer ; the first was four inches diameter, and produced a permanent 
effiect of 45" upon the thermometer. The second, of 2^ inches diameter, produced an 
effect of 29°. The effect of the large hemisphere was 90". Here it will be observed 
that the action was by no means proportioned to the surfaces of the conductiog he- 
mispheres, bat appnudnwted more nesily to the dmple ratios of thdr diameters. 

Hence it would i^ipear that the drcnlstfaig force ot both a shnple and compound 
voltaic drcmt increased with the snrfooe of the conducting plate surrounding an 
active centre} bnt the experiments are not suOdent to detCTmine the law of the iur 
crease. 

I now constructed a battery of ten larger cylinders, of four inches diameter, the 
arrangement in everything being the same as l>efore, and found that the action was 
vedoced to one half, the amoant of mixed gasea In the ydtameter per minute bdng 
only S| cnbhs inches. Hie experiments were r^eated several times, and the action 
maintained for several hours, and always with consistent results. This extraordinary 
and sudden decline of force requires further investigation ; and indeed the only con- 
clusion which we can at present draw from the experiments which 1 have just detailed, 
but which is of considerable practical importance, is, that cylinders of 3| inches dia- 
meter form mmA men efiettve conducting plates in a vdldc arrangement than 
qrUnders of either greater or less diameter. It mast, however, be borne in mind that 
tlus has only been proved with a series of ten cells ; for it is higbfyprobaUe that the 
limits of efficiency may change with the number of the scries. 

The following experiments with the difiierent combinations which may be made 
with twenty cylinders, throw some light on the question of the influence of the nutn- 
berb ut u series, the diameter of the members of which is limited to 3§ inches. The 

* EkiloM|iUerinnMliDni,temp.41. 
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eyliiiden twenty hielMB in height, and the line rods wen |tht of en ineh in 
diaacter. The elecbdyte ooMMted of eight parts of weter end one pact of oU 

vitriol by measure, and in the exterior diviidamB of the ceWs was saturated with sul- 
phate of copper. Hw tempeietare waa ai>oat 6ft^$ the dnration of eaeh experiment 
was one minute. 



Number of cells . 1 
CobiohMdiea of gaa 0 



Cobie inches of gaa 

Cubic incbea ot gas 



FInt Set if Sspermmai, 

2 3 4 6 10 16 20 

jnat visible li 8( 6 12| 16| 17i 



Second Set of Experiments. 
All cells direct. 1 inverted. 2 invert. 3 invert. 

17i 16| 12| 10^ 

6iBw«t Tfnnrt. Sinwrt. 9 invert. 
8| 1| Ij^ jost v;sii)ie. 



4 invert. 5 invert. 



TUrdSetf/BxperimetUi, 

Namberof donbleeells .... 6 
Cobio indies of gas 11 



10 
90 



Fimrtk Sef tf Bxpaiments. 
CnUc Mies of gas 



S trisk flttb. 5 qudii^ cell*. 
.... 14 16| 

When a aeries of five abigle odla wna eonnecCed witfi n aeriea of five donble eeUss 
and tiie same voltameter emplojred, the amoniift of gas vras 14| cnliio hwhes. 

When two secies of five doable eeOs were eaeh oomiected with the same voltaroeter» 
the amount of gas waa 16|oahieiiio]ie8. Each (tooUe series alone gave eleven enbie 

inches. 

From these experiments it appears that the most advantageous adjustment of ac tive 
force and resistance is in the series of ten single cells when they are of the diameter 
of S| inches, and that the lai^est amount of woric which can be derived firam twraty 
snch odto is what thcgr are amqged in two setka of ten; for 

Cella. Cubic ia. Cells. Cubic in. Cdb. OiftiDiau 

10 give 12| 6 give 6 . 4 give 8| 

2 4 6 

20 ... 26 90 ... 24 20 . . . 19| 

*!^rent]r in sh^(le series give 17icaUcincbca. Ten donble odls give 90 cubic inches. 

Celb>. Cubic indwi. Cells. Cubic inches. 

b doable give i 1 6 qiiBdn4>le give l&l 

2 



90. 



20 



161 - 
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. I now oombineil Jii a single nriet a baittaiy of wrenfy oeHs of tbeiarae dineniion, 
•dd charged in the nme manner, for the purpose of olisernng ehiefly the effbcts of 
l^ht and heat produced by the current in a state of high intensity and oonitant ac- 
tion. The interior cells were formed of light porons carthenmuf^ and answered their 
pur[H)se perfectly, offering no more obstriictiou to the current than the membraoes, 
and being much more convenient in use. 

The quantity of decomposition per minute from a voltameter, with the usual charge 
of dilute acid, was only seventeen cnbio inches ; while with djatiUed water the passage 
of a current was scarcely indicated hy a few bubbles of -gas which rose from tlie elec- 
trodes. 

Tlie flame between charcoal points was of considerable volume, and formed a con- 
tinuous arch when the points were separated to about three-fourths of an inch. This 
striking distance did not appear to be increased in a flask exhausted by the air-pump. 
The light and radiant beat were most intense, and proved highly injurious to the eyes 
of many of the party wlio did me tlie honour of assisting me in my experiments. In 
my own case, although protected by daHt grejf glanea of double thickness, a' high 
state of inflammation was produced, which it required very active medical treatment 
to subdue ; and, as you well know, in others, even the application of leeches was 
found to be necessar}'. The whole of my face was also scorched and inflamed as if 
it had been expui>ed for many hours to a bright midsummer sun. When i-eflected 
from an imperfect parabolic metallic mirror in a lantern, the rays were collected into 
a focus by a glass lens, and readily burned a hole in paper at mnay feA from tbdr 
sonree. The heat was -quite intoleral>le to the hand when hdd near the lantern. 

PUper steeped in nitrate of silver, and afterwards dried, was speedily turned brown 
in the light; and when a piece of fine '^^ire ytiuze was held before it, the pattern of 
the latter appeared in white lines, corresponding to the parts whicli it protected. 

The phenomenon of the transfer of the charcual from one electrode to the other, 
which I believe was first remarked by Dr. IIars, was abundantly produced. The 
transfer took place from the sincode (or positive.pole, or charcoal connected with the 
hist copper cylinder of the battery) to the pbtmode (or negative poie^ or charcoal 
connected with the last sine rod of the battery*), and in the former a sharp, well^ 
defined, cup-like cavity was produced, and on the latter, a corresponding protube- 
rance or nipple. The carl)on of the latter proved to be very hard, and had the rough 
niainmiihued structure uf the eat hon which is found coating the interior of gas retorts. 

When a platinum rod was substituted Ibr the charcoal at the platinode, the transfer 

♦ - . ... 

* I lam «o ttn«|^ Mt fli« maBt of Mme distiactiTe uuDMlbr tto two poki of the battery coiuiBtent nidi 
the principles of nomenclatitrc which yott hnvc adopted, that I have ventuied to propoce those mentionct! above, 
and have conatantly used tbem in. mj lectures. The mode and cathode have relatioQ to the mifactt of the 
deetrdyte, and if dbtiiifiifdi fbft deetndoi liwiiitdwt M Ae fliwbefrwif and Hw enthtkOnie, oooAidaii 
ia apt to arise; I find proetiedlf tiwt students easily recollect that the wwcwfcfattrtti tec twdBwliidtitt <l» 
wgwhr battery wo4tld be co M tn i eled nt ana, md the p hta oit at ph t ip wir . 
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of the chaNsod from the nneode atiU took place, and the aHtal beoane coated with 
carbon* which was bcantilhlly monUtod to ita extremity. When tl^ anangement 

was reversed, and the linoode was formed of platinam, and the platinode of charcoal, 
particles of platinum were transferred, and the ctumcoal became covered with distinct 

and numerous globules of the fused metal. 

The transfer of matter of such dissimilar kinds in this definite direction, renders it 
probable that it is essential to the disruptive discharge, and is entirely analogous to 
the tranafer of matter which has heen oliacrred by Finimiai in all cases of the Leyden 
disehaiscj and of the dischaige of atmoqiberic electricity by lightning. 

As connected with tins subject I may recall to your recollection the attempts, 
which we mmle to prodnoe a spark before contact, and in which we rednced the di- 
stance betwetin two phitinum wires connecting- the two ends of the battery, to the 
Utmost possible degree, without success. Even when tiie wires were heated in the 
4ame of a Uow-pipe no di8chai|;e was established. At the suggestion of 8ir John 
HaascHBi^ I adjosted two brass balls connected with the two ends of the battery, 
within a very minute distance of each other, and, while in this sitoation, I passed 
the spark of a small Leyden jar between them, and immediately the battery current 
was established, and the brass balls, which were hollow, were burned. I« it not pro- 
bable that the Leyden discharge in this case transferred the conducting matter which 
was essential to the existence of the voltaic liame,und which was afterwards supplied 
by its own energy } 

■ The arch of flame hetireen the dectradea was found to be attracted or rqpelled by 
the poles of a magnet according as one or other pole was held above Or bclow U, as 

was first aj;certained by Sir II. Davy; and the repulsion was at times so great as to 
cxtinpni^h the flame. VV'hen, according to the suggestion of Mr. Ga.ssiot, the flame 
was (irawn from the pole of tlie magnet itself included in the circuit, it rotated in a 
very beautiful manner*. When the zincode was connected with the marked pole, 
and the platinode was held over it, the rotation was from west to east, or in the con- 
traiy direction to the motion of tlie bands <^ a watch » but when the arrangement 
was reversed, and the zincode was connected with the unmarked pole, the rotation 
was reversed. The flame was also made to rotntr l)y tlie induction of the magnetism 
of the earth upon a poker of iron held in the direction of the dip. 

The experiment was again varied by leading the current through a spiral, twisted 
round a horse-shoe bar of soft irm^ and caasing the flame to rotate nnder the in- 
fluence of its own magnetic force. 

- The heating power of the battery was very great, and the greater intennty of the 
beat on the side of the zincode than on that of the platinode extremely remarkable. 
Mr. Gassiot firet pointed out to me, that when two stout copper wires, of ^th of an 
inch in diameter, were connected with the extn niiiir'^ of the battery and held across 
each other, so that the ilame passed between them, the wire at the ziuuode became 

- • TbUiiiodifie»tieoor8vH.l>ATf'»t!qpflriba»iniii«tnBd4i»IiMiii^^ 
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red but, whiletbe other remained comporMliirdy cooL A bar of plrtanpm, Ith of an 
inch square, Ireely melted and dropped in hrgt globules in Ibe fonner riloatioii, but 

showed no signs of fusion at the platinode. 

When the zincode was fortned of the hard carbon taken from the gas retorts, and 
a cavity ground in it, the most infusible metals placed in it were melted in consider- 
aUe quantitiet. 

Pare ifacNfiam immediately nm into a peiftcfe glol>ala» and bamed with edntilla- 
tions and a blue light. The native alloy of iridinm and oemittmf as wall as pofo 
iridium, were also complete^ mdled. Ihese metals wen lEbidly suppEed to me for 

the experiments by Mr. Johnston. 

Titanium fused instantly, and burned with scintiHatiODa very muoh retembUog 
those fnun iron. 

The native ore of phuinum was completely fased ; but the mass, when cold, proved 
to be very brittle. 

After Ibw bones constant aetioo, the power of the battecy was fbond to be andimi- 
nished, and the amount of tlie zinc consumed was very small. 

In conclusion, I «hal! hriefly describe the results of some erperimpnts on the evo- 
lution of the mixed guses from water in a confined sjwrr, ;md under consequent high 
pressures, which 1 made from July to October 1H37, aad which I intended to have 
lortber extended. My objects were, to ascertain, 1st, in what manner conduction 
woidd be carried on, supposing that the tobe In which the electrodes were introdnoed 
were qnite llUed with tlw electrolytic and Acre were no space for the accmmalation 
oi the gases ; 2ndly, whether deoompodtion having been effeoted, reoomlunation 
wonld take place at any jrWen pre«.8ure; and, :^rd1y, whether any reaction on the 
current-torce of the battery would arise from the additional mechanical force wMch 
it would have to overcome. 

The first apparatus which I made use of was a stout glass tube, into the lower end 
of which a platinum wire was biserted to foim an dectrode. This end was hameti> 
oally closed, and the upper end ground and fitted with a platinum ndfo piened 
upon by a lever, whidi could be loaded with weights to any required amount. From 
this valve a wire projected into the tube to form the other electrode. The tiihe. was 
accurately filled with the standard dilute acid, and placi d in tlie battery circuit with 
a voltameter, by which the rate of work and the quantity of the gases disengaged could 
be asoermfaied. The battery made use of consisted of ten large cells widi the usual 
duuige. Before pressure was applied, the rate of wwl; was always ascertained with 
tiie tube and voltameter in their pfaioes. I tried many cxperimmits with tUs aneange- 
ment ; bat it will only be necessary to describe the general results. 

The pre«snre was carried up to 98 lbs. upon a circular area of | inch diameter, the 
a))] >ar;Ltus appeared to be quite tight for a long time, and bubbles of gas were evolved 
from the two wires when the circuit was complete. The liquid became hazy, and 
bubbles of gas seemed to Une the tube. The stream of oxygen from the upper wire 
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was projected downwards into the Uquid, as if witih conddeiable Ibiea. The liquid 
nitiinatdy oosed oot between the edge of the tube and the val?e^ and the eiperiment 

was Btf^ped, When the pressure on the valve was removed, a puff of gas took place 
and the liquid slowly effervesced for a considerable time, but was not projected with 
any violence. The compression tube felt warm to the band but not very hot. The 
quantity ot gas which iirst escaped seemed to bear but a small proportion to that 
which was indicated by the voltameter included in the circuit, and the rate of decom- 
position was not at all altered by the aocnmnlation of the ehistie force. 

To carry the experiment as fiv as the c^istance of g^ass oonld conveniently admit 
of, I caused a compression tube to be made <tf ^th inch in thickness, of thecapad^of 
l^th cubic incli. Two platinum plates were sealed into it« lower end; one cubic 
inch of standard acid was poured into it, and it was then hermetically scaled at the 
top. It was placed securely in the battery circuit with a voltameter, and the progress 
of the experiment was watehed fioni a distance. 

The evolntion of the gas, whidi was measured at abort intenraJfl^ took place with 
perfect regnlarity, and ifid not t^pear to be in tiie slightest degree affected by the 
gradnally increasing compression. In 4^ minutes, when nineteen cubic inches had 
l>een collected, the compression tube burst with a loud explosion, and the firagmentB» 
which were very small, were scattered all over the laboratory. 

If we were to culculate that nineteen cubic inches were compressed into the i^^ths 
of a onbie inch space, unoccupied by the liqiud, thto woold be a eonqmssion of 
dx^-tbree into one, and the pressure would amount to neariy 940 lbs. upon tiie square 
inch i but if we were to reckon, as was probably the case, that two cubic inches of the 
gases were kept down by the solvent power of the liquid at this high pressure, then 
the compn>s«iion would have amounted to fiily-six into QW, and the pressure to 
640 11)s. upon the squai'c inch. 

It is probable that the means here pointed out might be applied with advantage to 
the oompression of some of the §m» whose liqne&etion yon ham already cffietcd» 
and I purpose, when my avocatioiis irill permit^ to retom to tiie experiments with 
ttview. 

I remain, my dear Farahav, 

Your iaithful friend, 

J. F. Danixll. 

Kng's College, London^ 
April 9ih, 1839. 
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VII. On the Electrolysis of Secondari/ ( ompmmd.s. in a Letter addressed to Michakl 
Fakadav, Rifj. D.CL. F.R.S., FuUerian Prof. Chem. Royal Institution, 8^c. 8<c. S^v. 
J. FfiBD£uic Damikll, Esq. F.R.S.f Prt^f. Chem. in Kings College^ London. 

Received May 15, — Read J uni; 13. IS39. 

My dbar Faraday, 

I IIA\'E no doubt that you will agree with me in tliiaking that the dccompoeition 
of secondary cuiupouads by the voltaic current, particularly in connexion with water, 
Imb not yet receivvd all the atlentioii irbich it deteireBj and that the nbject it worthy 
of farther eacpenmental rowarch. 

When water is preient in an electrolyte, you have yourself remarked* that it is pro- 
bable that it is al^rays resolved into its first principles ; and, on the other liand, the 
early experiments of Sir H. Davy prove that when sahne substances are present in 
water, even in the minutest quantities, they are also separated into their elements, or 
into their proximate principles. Whether these simultaneous decompositions bear 
any relation to each other, has never, that I am aware of, l>een made the object of 
inqniry. 

Your disooYoy of definite electro-chemical action has rendered it of great im- 
portance to ascertain, in the case of the decomposition of a saline solution, what pro- 
portion of the current may be carri^'d hy the oxyg^en and hydrogen of the water, and 
what by the acid and alkali, or uou-metuUic and metallic element, of the salt; and 
wlietber there Iw any definite oonnesdon lietween the two eleetrolyteB ao decompoflcd. 
Tbia qoeation was the origin of tlie folloiHng invesligatioii, the resolts of which have 
disctosed views of the nature of compound dectrolytes and of secondary chemical 
combinations, which I trust may not be found unworthy of the attention of the Royal 
Society. 

The power which I employed in the follomng experin)ents was that of a small 
constant buttery uf thirty cells six inches in height, with tubes of earthenware charged 
in the manner which I liave formerly described ; and I cannot but remark that with- 
out such an instrument the investi^tion coold not Imve been carried on. The bat- 
teiy was in action almost datty for more than two months, generally from five to six 
hours per day, and copper cylinders have thereby become consideraldy thicker 
and heavier. Neither the expense nor the uncertain action of batteries of the old 
construction would have admitted of such an use. 

* Bs^aimeniallUmidiMiaElectri^ 
HDCCCXXXIX. O 
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The experimental cell which I first employed consisted of a stout glass cylinder, 
capable of holding about fourteen cubic inches of liquid, which was originally clond 
allNrtli flXtranitMS. It was cut ki^itadiiuaiy into two eqwd paria, for the fi^^ 
of inserting iMtween the halves a thin plate of fine porous earthenware, which, whsa 
the whde was again clamped together by brass rings iHth screws, divided it into two 
compartments. The wire of a platinum electrode, 2| inches in length and one inch 
in width, passed through the bottom of each compartment ; and to the top of each 
was ground a bent glass tube for the purpose of collecting the gases evolved daring 
the experiments. The following cut represents a fiwnt and ride view of the afipa- 










t 








• i«tfktite|^hM«TlIiite; wfltm poiowduitognit f AflwtmH rings ad aemn bjriAididw tm 

halves are clamped together; i an J k are the twt) electrodes; / and m the mercury cups by which the con- 
nexions are made with the battery ; « o aiid p q arc the bent tubes by which the gaseous products are collected. 

In a preliminary trial one of the compartments filled with distilled water, and 
remained for twenty-four hours without penetrating to the other in any appreciable 
quantity. 

A miztnre of snlphniic add and water was prepared befoiebaad for the purpose of 
asoertafaung in the nsnal way, by tlie aOcalimeler tnlie» the amount of any dlnUne 

matter which it might be employed to neutralize ; and a similar solution of carbonate 
of soda for measuring acids. In calculating the results of the experiments, 708 cubic 
inches of mixed hydrogen and oxygen gases have been taken as equivalent to nine 



L^'iyiu^co Google 



lOL DiUflBLL ON TUB BLBGTR0LY8IS OF SBOOMDARY COIIPOimDS. 90 



grains of water, or one equivalent upon the hydrogen scale expressed in grain weights; 
and to fiuiilitale computation and compariaimj aa well as to obtain quantitiea vhich 
might be eertaitHj measured^ tiie cxperimenta were geneintty continoed till the qaan> 
tilka of gnaea collected indicated' a half or a whole equivalent. 

Sgfeiiment 1. — ^Tbe cell waa ohfu-ged with a solution of sulphate of soda of the 
specific gravity 1062, so as to cover tlie I'lectrodes and to fill about lialf its capacity. 
When connexion was nKniL' m ith the battery it was found to conduct well ; and the 
deccMDposition was allowed to proceed till twenty cubic inches of hydrogen bad been 
eoUected from the platinode, and nine cnbic inchei of oxygen from the zinoode. 

The plattnode aolntion waa drawn off carefiiUy with a glaaa ayphon, and fi>nnd to 
he strongly alkaline^ and to contain by the alkalinieter 12 grains of free soda. The 
zincode solution was very acid, and neutralised carbonate of aoda equivalent to 15*1 

grains of Sulphnric acid. 

Hie results, ttierefore, of even this tii-st experiment evidently indicate that the de- 
composition of an equivalent of water was accompanied by the decomposition of an 
eiact eqnivaleat of sulphate of aoda, for the diflhreocei are but of ine<»uiderable 
aauwnt. I shall not dwell upon the want of ezact correspondence lietween the oxygen 
and hydrogen, for these are well understood ; but taking the amount of the mixed 
gases as corrected for pressure and temperature at 28*3 cubic inches, we have the 
following proportions. 

CulnciB. Cubic in. Equiv. ofaoda. Sodm. 

70-8 28-3 : : 32 !2*8 

Bfoir. of Hilph. uid. Solph. add. 

70 8 28*3 : : 40 16*1 

The experimental results of 12 soda and 15" I sulphuric acid are not more below 
the calculated results than might have been expected from the mode of pxperimonting'. 
It must also be observed, that the level ut the solution in the two divisions ot tlie cell 
altered very much during the experiment; and at its termination the liquid stood 1^ 
inch higher at the platinode side than at the sinoode. 

These exact equivalent results are by themsdvea very rsdoarfcable; but I was now 
anxious to ascertain whether the power of the carrenf were equally divided between, 
what had hitherto been considered to be, the true equivalent electrolytes. 

Experimmt 2. — The last experunent was repeated with the same solution of sul- 
phate of soda; but a voltameter, whose electrodes were of tiie same dimensions as 
those of the eiperimental cell, charged with the standard mixture of sulphuric acid 
and water, was indnded in the drcnit. The experiment was carried on till 70*8 cubic 
inches of mixed gases bad been collected from the voltameter, when it was found that 
thebjrdrogen from the platinode of the experimental cell was 47'^ cubic inches, and 
the oxyj^en from the /.inradc yn-25 cubic inches. The former is almost exactly equal 
to tht^ hydrogen indicated by tlie voltameter, while the latter is a little short of the 
equi vuieut proportion of oxygen. There can, however, be no doubt that the quantities 

o9 
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of mixed gases from the laline solotiiMi and from the dilute mljihttrio aeid were cqael. 
¥n6 aeid and alkali wete found at the sincode and phttinode raipeoiively, as in the 
lint e!i^eriment, but owing to an accident were not neutralized. 

Nov if we regard, in the usual way, the convection of the current as effected in 
the voltameter by the transfer of the oxyjjt;" i»nd hydrogen alone, we appear at first 
to be led to this extraordinary conclusion, namely, that the same current, which is 
jiiiit sutlicient to separate an equivalent of oxygen from an eqt^valent of hydrogen in 
one vessel, will at the same time separate an equlvalrat of oxygen from hydrogen, 
and an equivalent of sniphnric aoid from an equivalent of 8oda» in another vessel. 
The clf^'^wg up of such a result must obviously be of the first importaaee. 

As secondary objects of interest in this experiment, it may be observed, that the 
temperature of the liquid in the experimental cell rose to i:iO° Fahr., while that of 
the acid in the voltameter did not exceed 67^ tlie quantity of the former considerably 
exceeding that of the latter; and that the transfer of liquid from the nnoode to the 
platinode oocurred as before, so that at the end of the experiment the levd of the 
latter was oonsiderably above that of the former. 

The second experiment was repeated twiee, and both times the disengaged acid 
and alkali were nentnilized, and found to be in equivalent prdpnrtiftn to the oxygen 
and hydrogen given off by the electrodes of the experimental cell ; wliich aguiu were 
together equal tu the ^lixed gases simultaneously given off by the attached volta- 
meter. When the process was continued too long, the proportions of acid and alkali 
fell short of that of the gases, and that in proportion to the time of Its oontinuanc£ 
Hiis was doubtless owing to tlw gradual mixing of the liquids on the two sides of the 
diaphragm, and the consequent recombination of the acid and alkali. In every case, 
transfer of the licjuid took place from the zincode to tlie platinode, aad the tempera- 
ture of tlic expci imcQtul cell ro^e far above that of the voltameter. 

Experimmi 9.— The ejqterimental cdl was charged with sulphate of potasia oi tlw 
specific gravity 1060 ; and a similar cell with dUnte sniphnric amd of the specific 
gravity 1160, coloured on the zincode side with indigo. Both were included in the 
circuit. After forty minutes action, the saline solution had risen on the platinode side 
one fourfl? of an inch, and fallen to the same amount on the zincode side, while no 
tniii^it r ot liquid had taken place in the acid cell, nor had any colouring matter 
ptig.sed Iroui the zincode side of the diaphragm tu the platinode. The indigo, how- 
ever, had entlrdy lost its blue eolonr and become yellow. The amount of mixed 
gases from both cells was nearly equal $ but the oxygen from the acid fell a little 
short of that from the salt, in consequence, probably, of its absorption by the indigo. 
The acid disengaged at the zincode and the alkali at the platinode of tfie s;dine solu- 
tion, were also found to be in equivalent proportions to each other and to the gases. 

Experiment 4. — A solution of nitrate of potassa of the specific gravity 111/ was 
substituted for the solution of siilphate of potassa m the last experiment; five cubic 
Inches of oxygen were given off by the xincodct, and 4*3 <mbic inches of hydrogen 
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only Stom the plttdnode. Upon opening the apperatin, a strong aoiel] nf ammoida 
was evolved fitun the pUitinode side ; evidently in(Uciiting a eeoondaiy aetkm of the 

hydrogen upon the nitric acid of the nitre, and accounting for its deficiency. After 

driving off the ammonia by heat the sohition was still alkaline, and by neutralization 

indicated 13"o grains of potassa. The nentralization ot" tlie acid on fh>' zincode 

side indicated 17 groins of pure nitric acid. These numbers do not ditier much 

ftom equivalent proportions, which, upon the aasamptioii that the determinstion irf 

the add was comet, would be 17 nitrio acid, and 16*1 potassa; or, praferring the 

determination of the alkali, would be 15 nitric acid, and 13*6 potesaa. The quantity 

of trater simultaneously decomposed we can only, in this instance, estimate from the 

quantity of oxygen collected, wliirh, as we have seen, generally falls below its due 

proportion ; but still it comes near enough to the equivalent proportion to assure us 

that this would have been the correct determination for 

CaUeinehn. Eqiin«lea,t«ftiJttkiaid. Cnliie indiei. Nitrieacid. 
70-8 : 64 : : 15*0 14*2 

In this experiment, less of the solution was carried from the zinoode to the piatinode, 
and tlie difference of the level di«l not exceed -r«ths of an inch. 

Erpcrimetit 5. — The experiment was repeated with the snti'Jtitution of a solution 
of phosphate of soda of the specific gravity 1057 for the nitrate of potassa, and the 
results left no dcHibt that the rimoltaiieons decompositions of the salt and the water 
were in equivalent pnqiKirtioiis as before. In this experiment, a larger quantity of the 
solution was carried from the zincode to the platinode than in any of the preceding 
instances, and the difference of the level oa the two sides of the diaphmgrn amounted 

to two inches. 

Before I proceed with the principal object of this inquiry, I will make one or two 
remarks upon this extraordinary transfer of matter Irom one electrode to the other 
without the ^cimipositioD of the transported compound. It was first observed by 
Mr. PoaasT*, who found it to take place in a glass odl divided into two by a dia- 
phragm of bladder. Into each compartment, filled with water, he plunged a platinum 
plate and connected the two with the two extremities of a voltaic battery of eighty 
coupler, and nearly the whole of the liquid in the positive cell was carried into the 
negative cell. It was afterwards found that this phenomenon did not take place when 
the conducting power of the water was improved by the addition of sulphuric acid. 

M. BicQuaaBii has also shownf - that when finely-divided clay is placed about the 
water at the sinoode in a tube separated from the platinode by a porous dmphragm, 
the particles of clay are carried forward by the current which is established. This 
transfer he has also observed to take place only when the water conducts badly. 

I charged the experimental cell with the porous diaphragm with distilled water, and 
found, with the battery of thirty cells, that a few bubbles of gas formed upon tbe 

* Annals of Fhiloaophy, July 1816. 

1 1Viitfdeliaaeb9cit«.toii.iii.p.lQa.rwM.aMwnut. 
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dectrodes, bat Aat moiie «m disengaged : in forty minntiei, humtme, the fiqoid in 
tlie platinode edl stood half an inch biglier than that in tba idncode. Thii eiperi> 
meat was repeated, a little freeli precipitated alumina having been diffnaed in the 
water on the zincode side : a portion of this finely-divided solid matter evidcntij 
passed with the water which was transferre<l to thf platinode side. 

When the water was satnrated with boracic ucid, its conducting^ power was a little 
improved ; but btiii uo measurable qoantity of gas was ^ven off, and in forty minutes 
tbe diflfennoe of laral ki the two compartweBta of Ae cell waa v^tha of an indi. 
Wlien the odt waa cliarged with a nuxtnie of ci^ht parts water and one part snlphiirie 
add, no,phange of levd took place on the two ddes. 

Notidthstanding the good conducting power, however, of the saline sdtttiooaj we 
have seen that this passage of liquid from the zincode to the piatiiiode occurs with 
them even to a greater extent than w\th pure water, and the different species of salts 
seem to be acted upon iii ditierent degrees. 

To aaoertdtt wliether» during this process of eonycction, any separatioa took place 
of tbe salt frooi its solvent, I took tbe spedic gravity of the solutions both before and 
after tbe process, and found the difibroiceB so trifling as evidently not to arise from 
this cause. Neither does this large transfer of matter, which is always in tbe same 
direction, seem to interfere with the definite electrolytic effect of the current by which 
it is produced. This will be shown still more strikingly from the subsequent expe- 
liroents. Whatever may be its proximate cause, the phenomenon appears to be ana- 
logous to the tvansiBr of good condndji^ matter which takes place Aon tbe ainoode 
to the platinode during tbe disruptive discharge of the battery in air, which I referred 
to in my last communication*, and In which I pointed out to you that the platinum 
of tbe zincode was carried forward and deposited upon the charcoal of the platinode. 
I am also disposed to tliink that it is quite distinct from the pnjcess which iM. Dv- 
TROCHBT has named tndosmn.sf and eia<mose, whicli may be sutitifactorily explained 
by the force of heterogeneous adhesion, without reference to electrical currents. 

I have already stated that the products of dectnilysaidoa cannot be kept long 
sq^arate in the cdl which I have dMcribed, on aocoont of tbe ultimate mixture i^tba 
liquids on the platinode side of the diaphragm ; I was, therefore, led to coostmct an 
apparatus which answers this purpose much more perfectly, and which, for distinction, 
I shall call the double diaphragm cell. It consists of two cells funned of two glass 
cylinders, with collars fir their lower ends, fitted by grinding to a stout glass tube 
bent into tbe form of the letter U, and firmly fixed on a wooden foot. The ends of 
thia piece project a littie into the iolerior «f the two cylinders, the upper extremities 
«f which are furnished with bent tubes for the collection of gases. A stout piece of 
pbtiuum wire is ground into the upper part of each cdl, to which an decteode of 
platinum or any other metal can be screwed on the inside, as occanon may require ; 
tbe wires pass down upon the outside, and terminate in two mercury cups, by 

* Fntent Vbhune, p. 92, H Mf . 
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which connexion can be made, at pleasure, with the battery. Each cell will hold 
abmit Mvoi cnbic inches ct liqoid, and the oomiectiiig tube two onbic iadiee. When 
Ifae eeU is chained, the coniieetiiiir tabe it filled with the Uqaid, aod a piece of fine 
bladder tied over each end, lo ai perfectly to eantlpdethe air. The bladders are firmly 

confined to their places by means of circular grooves gronnd round the ends of the 
glass tube. The cylinders are then carefully fitted to their places, and filled with 
the proper quantities of the solutions to be acted upon, and after the operation their 
contents are easily decanted, by meiuis of a small glas« syphon. 
The appBiatae is ddineatcd in tiie ftHowiag cot 




* b ed and e/gh represent the two glass cells ; iklii the bont glass tube fixed in the wooden star Amn ; o and p 
we the electrode* coiuMcted with the iseiaiiy cap*, f ud ^ by the vires «< wd wwrnre the beat 

aribM tot (li6 ooBcction of die gtMS cvoAnd* 

The current when transmitted by this double cell was, of course, much more re- 
tarded tlian by the dngle oeD, on aoeonat of the greater distance of the deetrodcej 
Imt It answered its intended porpoee of stopping tlie tcansibr of the liqoid eve^ 
ease of nline aolations, and there was still conducting power enough to render it per- 
fectly effective. The bladders, however, of the connecting tube generally became a 
Kttle capped ; indicating a pressure from without, owing to a transfer of a small por- 
tion of the liquid within. 

Experiment 6. — The two cells were charged each with 4^ cubic inches of a butu- 
rated solution of sidphate of Boda» and the connecting tube was also filled witii the 
saeo^ and in 9| hoars the hydrogem evolved firom the platiDode was twenty-four cubic 
ineliei^ and the oxygen fromtheanoodefeencabictnches»nialdngatotslof tlH»mlxed 
gases of thir^^bur cubic inches ; or, nuddng allowance for the deficiency of oxygen, 
idMmt hidf an eqaivalent. After the eacperiment, the qoantities of liqnid in the two 
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cells were found tmchangcd. Hie zfadcode solatbii indiwted by tatantioii the exkt- 
cooe of I9r9 gndns of tree snlpbimc acid, and the platinode Mlotion 18'5 graina of 
free aoda»to wUch must be added two grains of sodain the connecting tube ; making 
a total of 15-5 grains of soda. These namboa are almost identical with the half 

equivalents of sulphuric- arid and soda. 

This and similar experiments were frequently repeated with perfectly consistent 
results ; but it will be unnecessary to occupy yoor time with their details, as I con^ 
aider that I have already adduced auflicient evidence to prove, that, in the dcctrolyBiB 
of a solution ni a neutral salt in water, a current which is just soffieient to separate 
single equivalents of oxygen and hydrogen from a mixture of sulphuric acid and 
water will separate single equivalents of oxygen and liydrogrn from the saline so- 
lution, while single equivalents uf acid and alkali will make their appearance at the 
same time at the respective electrodes. 

Experiment 7< — It now seemed to me desirable to ascertain whether in the electro- 
lysis of the dilute sulphuric acid any transfer of the acid took place; and for this 
purpose after having taken the specific gravi^ of the mixture, each cell was charged 
with five cubic inches of the acid, and the connecting tube also lilted with it. In 
little more than an hour's time after connexion with the battery, the oxyg-en collected 
from the zineode amounted to 2.'{'6 cubic inches, and the hydrofren at the platinode 
to IJ ii cubic inches, or the two gases together to /I' 1 cubic mches. 'I'lie specific 
gravity of the acid before the experiment was 1 126*6. After the experiment, the bulk 
of the acid both at the sinoode and platinode was found unchanged ; but, at the 
forma-, thespedfic gravity had increased to 1 1SO'S, and at the lattiv it had decreased 
to 1 120*3. In a repetition of thi.s experiment, the cells were charged with four cubic 
inches instead o( five cubic inches of acid of the specific gravity 1 128*0, and after the 
collection of the same quantity of the mixed gases, the specific gravity of the acid at 
the Micode was found increased to 1141*0, and that of the platinode decreased to 

From these experiments we learn, that during the electndysis of an equivalent oi 
water, a portion of acid passed from the platinode to the xincode, and possibly xif 
water from the sincodetotbe platinode; and, from the greater increase of specilic 
gravity in the smaller quantity of the mixture than in the hrger, that the quantilisa 

were nearly ecjual in the two experiments. 

But tliis method did not appear to me capable of determining the point with that 
precitiiun which its importance rendered dcbirabie ; I therefore endeavoured to ascer- 
tain the quantity of acid transferred by actually weigiiing the cells before and after 
the process. 

ExperimaU S.—l made use of an apparatus in which the connecting tube covered 

with its two diaphragms was placed at the top of the two cells, its ends dipping 
below the surface of the liquid which they contained. The quantity of water decom- 
posed was ascertained by a voltameter included in the circuit. The mixed gases col- 
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iectcd amounted to eighteen cuMc inches. The weights of the differeDt parts of the 
apparatiu ehacged intb tlie dilate add befi»re and after the experiment were as foV- 
lovs: 

Before experiaoit 

(re- 
connecting tube . . , 539'2 

Platinode cell , . , , 2687*8 

Zincode cell 2631'5 



After experinait. 

2685-2 
2634-0 



1*9 loes. 



2*6 lose. 
8*5 gain. 



5868*5 



5866*5 



TV>talloe8 3 



5858*5 6858*5 

Now if we multiply the amount of the gaies by four, the prodnet will be leTeiitj^tvo, 
or nearly an equindent of water decomposed. The total loss, two gndna multiplied 

by four, will be eight grains, which is snfTir iently near Hip pqiiivalent weight of water 
to lead to the conclusion that the difference arises from errors in experiment : and 
2*5 grains, the quantity of acid transferred, multiplied by four, will give ten grains 
aa the amcmnt of sulphuric aeid tcanaferred during the eleetrolyiea of one equivalent 
of water. 

This experiment was several times repeated, and the result was alwaTi a snull gain 

of weight in the zincode cell, and a loss in the platinode ; but I found that I could 
not rely upon this method of operating for the accurate determination <tf qoantitiea 
which it was my object to obtain. 

Experiment 9. — therefore returned to the double diaphragm ceil, which I charged 
frith dilute sulphuric add of dil^ient degrees of strength, and having ascertained 
the quantity of eiTBtallized carbonate of aoda which each mixture would neotraliie 
before the experiment, I meanired the nentralidng power of each cdl after it had 
been exposed to the battery current. The process was continued in most cases tiU 70*8 
cubic inches of the mixed gases had been collected ; and, for the sake of comparison, 
in tlie following table, the results have been all brought up to one equivalent by cal- 
culation. 

Ta^le showing the saturating pmcer of dilute sulphttric acid at the two electrodes for 

one equivalent of water dec.ompojied. 





lAtUL 
8 Water. 


I AM. 


nWiter. 


SiWiMr. 


lAcid. 
ISaWMr. 


1 AcU. 
SWMer. 


Platinode 
Ziaeode .... 


-24 

+se 


-29 
+« 


—32 
+»1 


-37 
+87 


-39 
+46-S 


-35 
+36 



Now, if we ngect the results of the fiist experiment (for which, however, I have 
been unable to discover any reason except their inconsisteney with the others,) all the 
rest agree %'ery closely together, notwithstanding the great differences in the mixtures 
of acid and water from which they were obtained. The mean result also accords 

MDCCCXXXIX. p 
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•wvry wdl with the determination at which we bad arrived, in Eiqfieriinent 8, of the 
transfer of ten grains of snlphnrio add from the pbtinode to the ainoode for ereiy 
nine grains of water deoompoKd for 

Bqomlent of cn ^taUizcd Equivalent of 

carbonate oi soda. aulpbunc acid. Carbouatc of aoUa. Sulphuric add. 

144 40 : : M : 10 

The eKperiments, howerer, I conceive^ are not snfflcient to determine whether the 
dilferenoes of nentratiaing power are owing solely to the transfer of aeid from the 

piatincxieto the zineode,or whether they arise partly from such a transfer, and partly 

from a simultaneous passage of water from the zincode to the platinode. I have been 
un;ibl( us yet to contrive any experiment to determine this point, which is one of con- 
siderable interest. 

Ei^erimmt 10. — Wishing now to vary the conditions of the last experiment, and 
at the same time to ascertain whether the same transfer of acid takes place in the 
active cells of the battery, where the oxygen of the dectwiposed water is taken np by 
siiac instead of being given off from a platinum surface, I substituted an amalgamated 
zinc plate for the platinum in the zincode cell. Its weiglit before the experiment was 
442 5 ijrains. Each cell was charged with 1 123 grains of dilute aeid, containing, by 
calculation from its neutralizing power, 1j8 8 grains of auiiydrous acid. The action 
of the battery was continued till 23*5 cubic inches of hydrogen had been collected 
from the platinode, indicating the decomposition of half an equivalent of water. 
After the experiment, the zinc electrode weighed 426*5 grains, the deficiency being 
sixteen gndns, or lialf an equivalent of zinc. 

The saturation of the liquid at tlie zincode now indicated l l') ! grains of acid, to 
which must I)e added twenty grains for the saturation of the oxide of tlie half-equi- 
valent of zinc dissolved, making a total of 165*1 grains of acid, and showing an ex- 
cess of 6*5 grains over the original quantity in the cell. 

The saturation of the acid at tlie pfaitinode indicated 151*8 grains, or a defidency 
of seven grams. 

This experiment, therefore, leads to the conclusion that about thirteen grains of 
acid for an equivalent of water decomposed travelled from the platinode to the zinc- 
ode; but looking to the number, and indeed the uncertainty, of the processes from 
which the ultimate quantities were deduced, it ought not, perhaps, to be considered 
as affording more than a general confirmation of the results previously obtained, 
viz. that a fourth of an equivalent of sulphuric add passes from the platbode to the 
zincode for every single equivdent of a compound which has been electrolyzed by 
the current. 

Allow me here to recall to your rccollcf tion your own experiments, in which you 
compared the quantity of acid transferred from the platinode to the zincode from a 
mixture of sulphuric aeid and water, with the quantity transferred by the same cur- 
rent from a solution of sulphate of soda, and found it in one instance as Vrth tOTi^tb, 
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or as 0 027 to O'lOO, which very little exceeds one fourth, although from another ex- 
periment you obtained aoiuewhat more*. 

Expermeni 1 1.— The question now arose, Doea the add, during its transfer in the 
oaae of the mixed acid and irater, or do the acid and alkali in the caee of the mline 
soIntioDj oomnegr my portiim of the cnrrent winch eftcte the dmaltaneonB decompo- 
•ition of the water in both instances ? 

To answer this question the following^ arrangement was made. The doublp cf^ll 
was charg-ed with a saturated solution of sii1j)hate of sod;i, and connected Avith it in 
the circuit was placed a green-glass tube, into the bottom of which was welded a 
platinum wire Ibrming the platinode to a portion of dil<»ide of lead, whidi was icept 
losed in the tulie by means of a spirit lamp^ The corresponding sinoode was formed 
of pInmbBgo. The platinum wire before the experiment weighed 5 44 grains. The 
apparatus conducted well, and chlorine escaped in abundance from the plumbago 
rlcrfrode. When 11 "7 cubic inches of hydrogen had been collected from the plad- 
node of the double cell, the experiment was stopped and the results uxainiaed. 

A well-formed button of lead was found adhering to the platinum wire ; and the 
two together, after liaTing been thoroughly freed from the adhering chloride, weighed 
27*1 grains, making the reduced lead 31'66. This is about 4^ grains deficient of the 
quantity which, adopting the chemical number of lead, it ought to have been to be in 
proportion to the qnarter-cquivalt nt >f water, which the hydrogen showed to have 
been decomposed. The sulphuric acid at the zincode amounted to 9'63 grains, and 
the soda at the platinode to J b grains, both approaching, respectively, very nearly 
to 10 and 8, which are the exact equivalent numl)ers. No manner of doubt can 
therefore exist, that die Mime ennent which is just auJBdent to nsolve an equivalent 
of chloride of lead, whidi b a ample dectcdyte unafiected by any assoi^ted com- 
pound, into its equivalent ions, produces the apparent phenomena of the resolution 
of an equivalent of water into its elements, and at the same time of an equivalent of 
aolphate of soda into its proximate ]i) iririples 

Without this experiment, it might have been supposed that iu iiocpcrimunt 2. the 
add, which we know must hate passed from the platinode to the xtncoda of the 
Toltameter at the time of the passage of the hydrogen and oxygen, oairied the force 
winch elfooted the decomposition of the sulphate of soda in the experimental cdlg 
but we may now be certain that this is not the case. Tlie last eqieriment was re- 
peated with exactly similar results. 

It was obviously of great mouient to inquire next into the action of the voltaic cur- 
rent on the aqueous solutions of the chlorides, as the simpler constitntitm of this class 
ef salts promised to throw some light upon tiie nature of the electrolysis of aeooodacy 

Experiment 12.— A plate of pure tin, whose weight was 375*8 grains, was made tiie 
zincode of the double cell, which was charged in all its parts with a strong solution 
of chloride of sodium. During tbu passage of the current, not the slightest particle 

* EqierinMOtia Remuchn. f S29. 
99 
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of gas appeared upon the tin electrode, nor was tbc slightest smell of chlorine evolved. 
The experiment was stopped when twenty-foar cubic inches of hydrogen had been 
collected from the platinode. The tin electrode now wdgbed 840*1, the loas bdng 
99*7 gnins, or almmt exactly half an equivalent, and correspoiiding to the qaamity 

of hydrogen evolved . The platinode solution was alkaline and indicated fifteen grains 

of soda, to whicli if we add one grain for some soda in the connecting ttihc, tbeso> 
lution in which was alkaline, we shall have an exact half-equivalent of soda. 

Rrperiment I d. — The last experiment was repeated with the addition to the circuit 
of a tube containing, as in Experiment fused chloride of lead. The results are 
Stated in the following table, and compared with tlie exact chemical univalents: 

Biperimait ^ cfnivElent calookted. 

Hydrogen evolved . . 12*6 11*8 

Lead reduced .... 24*9 26-0 
Tin dissolved .... 16 3 14 6 

The solution in the platinode cell was alkaline, but its saturation was omitted. 

Now the simple way of regarding the results of this experiment is, to suppose that, 
for an equivalent ctf diloiide of lad electrolysed in the first cell, an equivalent of 
chloride of sodinm was decomposed in the second cdl; the chlorine of the latter 
being absorbed by the tin aincode, and the sodium at the platinode reacting upon the 
water, and giving rise to the secondary result of an equivalent of hydrogen: upon this 
hypothesis, the onrrent must have been transmitted by the chloride of sodium alone, 
and no water was electrolyzed. 

Indeed, we must lay it down as a fundamental principle, in discussing the results 
of all these experiments, that the fbrce wUefa we luive measnred by its definite action 
at any one point of a circuit cannot perform more than an equivalent proportion of 
work at any other point of the same drcoit : that the current which we have measured 
by its electrolyses of an equivalent of simple chloride of lead cannot, at the same 
time, be sufficient to electrolyze an equivalent of chloride of sodium and an equiva- 
lent of water at the same electrodes. The sum of the forces which held together any 
number of ions in a compound electrolyte could, moreover, only have been equal to 
the fbrce which hdd to^Blber the demoola of a Aigle eketrolyte, electrolyzed at 
tlie same moment in one drcult. 

But how sbali we apply this principle to the electrolysis of the solntimi of sulphate 
<rf soda and the results of Experiment II.? Water seemed to be electrolysed ; and, at 
the same time, the acid and alkali of the salt appeared in equivalent proportion with 
the oxygen and hydrogen at their respective electrodes. We cannot admit that after 
the decomposition of the water there was any excess of force applicable to the decom- 
podtion of the salt I bnt we must oondode that ^ only deetro^ wMdi yidded 
was the sulphate of soda, the ions of which, however, were not the add and dkdi of 
the salt, but an amen composed of an equivalent of sdpbur and four equivalents of 
oxygen and the metallic catkion sodium ; from the former, sulphuric acid waslin'med 
at the mode by secondary action and the evolation of one equivalent of oxygen ; and 
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from the latter^ toda at the cathode by the eecondary action of the metal and the 
evolation of an eqaivaimt of hydrogen. 

These electrcM^emical considerations are applicable, of course, to many other aik 

line combinations, as I shall hereafter show ; and, in the experiments which I have 
already detailed, lead to the conclusion that, considered as electrolytes, the following 
change should be made in the chemical formuUe of the several salts employed. 

Chemical fonnula. Electrolytic fomutU. 

Sulphate of soda . . . . (S -|- 8 O) + (Na + O) (SH-40) + Na 

Sulphate of potaaaa . . . (S + 30) + (P + 0) (S + 40) + P 

Nitrate of potassa . . . (N + 5 0) + (P + 0) (N + 60) + P 

Phosphate of soda . . . (P -f 2^ O) + (Na + O) (P + 3^0)+ Na 

This view leads me to a modification of the opinion which I have hitherto enter- 
tained of the decompmition of sulphate of c di jm r in the e n rant battery, and the 
electrolysis of salts, the metallic constituent of which is incapable alone of effecting 
the deoompoeitieii of water at ov^Bnary temperatures. I have always aaer!bed the ap- 
pearanoe c€ the copper upon the platinode to the lecondaiy actkm of the hydrogen 
eiPolved at that point ; bnt the conaidemtionfl which I have jnat submitted to you 
oblige me to consider it as a primary result of the electrolytic action, the electrolytic 
formula ot siilphatp of copper not being (S + 3 O) + (Vn + O), but (S + 4 O) + Cn. 
The fnlli iw Ing experiments were made to elucidate the point still further. 

Experiment 14. — The double diaphragm cell was charged at the platinode with a 
laturated iolntimi of sulphate of copper ; the conoectlii|r tnbe and tlw idncode edl 
were both diu^ed trith dilute sulphuric add of the standard strength, and a vohap 
meter was included in the circuit. The process was stopped when 35 cubic inches of 
the mixed gases had been collected. The copper which was precipitated upon the 
platinode weighed 15 ') grains, and the solution in the platinode cell, which was acid, 
indicated by neutralization with carbonate of soda, 18'8 grains of tree sulphuric acid. 
The results all approach very nearly to exact equivalent proportions, as shown in the 
following Table: 

By Rxpcriracnt, By ('alctilatioii. 
Cubic inches. Cubic iadiet. 

Oxygen and hydrogen .... 86 85*4 

Precipitated c<q[>per 16*5 16 

Precipitated sulphuric acid. * . 18^ 20 

Experiment 15. — The last experiment was repMted with the substitution of a 

sinoode of sine for one of platinum : the results are shown in the following Table, 

and their oompariMn with the exact equivalent numbers. 

Bj Bxperimeat. fir Cakobitioii. 
Cubic Inebea. CnUe fawhea. 
Qxygen and hydrogen .... 35 35*4 

Precipitated copper 16*7 16 

Dissolved zinc 16-4 16 

Dibsoivcd sulphuric acid . . . Ib S 20 
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Tba appearaiice of the free Bnlphnric add- at tbe platbode odl initead of the aino- 

ode is vei y remarkable. According to the prindple irfaich I have laid down, the fol> 
lowing view must be taken of the results. The convection of the current in the 
double cell most have been effected by the electrolysis of the compound electrolyte 
sulphate of copper (S + 4 O) + Cu, and of tbe simple electrolyte water H + O, the 
charge being carried by one to its p<Mjit of junctioa with the other, and there delivered 
np to it. for oonveniencey ve set oat with the solphate of copper* the metal is 
deported upon the platinode, and the compound amm (S -f 4 0) travels to tbe adh 
dulated water, bnt meeting with nothing with which it can combine, the decomposi- 
tion of the water comtnenrcs, the hydrogen of wliit li combines with one equivalent of 
the oxygen of the coni|i()und anion (8 + 4 O), ami -nlphuric acid (S -f 3 O) remains; 
tbe current at the suiiie tituepus&e^i un with the equivalent oxygen of the water, which 
is either giv cn off by the plaUnimi dncode or absorbed by Hat nne. 

Anotlier obvums point of great interest was, to asoertsin what relatioiis to die ear* 
rent the products of tbe deotroiym of the nits of ammoiua would eihibtl^ and I 
proceeded as follows. 

Experiment 16. — The double diapliragm cell, with a tin zincode, was chargisi 
with a strong solution of muriate of ammonia, and a voltameter was included in the 
circuit. Hie gas from the platinode was collected over mercury. "Hie experiment 
was stopped when 85 eubie bicfaes of mixed gases bad been collected from the Tolla- 



No gas was given off from the lincode; bnt the loss of the tin was 30*4 grains. 

23-5 cubic inches of hytirogcn were collected from the platinode, and the solution of 
that cell smelled very strongly of ammonia, and, upon neutralization, was fonnd to 
contiun gi^s of the vola^ alkali in a free state. The approximation of these 
numbers to equivalent proportions will be Seen in the following Tkldet 

RMi B y riuB t Rob Odntbtibn. 
CaUa mAm. Cubic inche*. 

Mixed gases f rom voltameter 35*0 35*4 

Hydrogen from plaiinQde 23*6 23 6 

Tin - 80*4 99*0 

Ammonia 8*25 8*5 



Muriate of ammonia, therefore, proved to be an dectn^j^te whose simple 
chlorine, and oomponnd catiikm nitrogen irith four equivalents of hydrogen. Its 
electrolytic symbol therefore, instead of bdng (0^ + H) + (N 8 H), wonld be + 

(N + 4 H). 

Exprrhnenf I/- — 1 t>ti double cell was now charged with u strong solution of sul- 
phate of amniouia, and the experiment conducted as before. Thirty-five cubic inches 
of milsd gases were oollected from the voltameter, l l-S cubic inches of oxygen from 
the sincode^ and 88^0 cubic inches of hydrogen from the pktinode. Tbe sineode 
sdntion was add, and the platinode by iMntrafiiation showed dght grains of free 
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By ExperuDemt. 

Cubic- inclie*. 



Bt GalenktioB. 
Cainc indiM. 



Mixed oxygen and hydrogen 
Oxygen tnm sinoode . . 
Hydrogien Urom platinode . 



Si 

23'0 
8*0 



35-4 

11*66 

93-32 

8-5 
20-0 



AmmoDia 
Sulphuric wad 



To fxplnin these re'?uits, we must take mto consuk'ration that sulphate of ammonia 
is not, ia a chemicul point of view, a mere compound of sulphuric acid and ammonia, 
but that an equivalent of water is essential to its existence. Its formula is (S -f 3 O) 
+ (N + 3 H) + (H + O) : and by electrolysis it is resolved into one equivalent of 
snlpbur with four equivalents of oxygen givva off at the Encode, and one equivalent 
of nitrogen and four equivalents of bydrogoidteeiigaged at tbe platinode. Aa an elec> 
trolyte its formnla vonld therefore be OS 4- 4 O) + (N + 4 H). Both tbe compound 
anion and the cortipound cathion agree iierfectly in constitution with those which we 
have previously found evolved from their combinations with simple substauces, at 
their respective anodes and cathodes. 

It is impossible, I tbink, not to Im struck witb tbe singular, and, by me, perfectly 
unexpected coinddenoe of the results wbicb I have just detailed vritb two celebrated 
bypoUiescs; the one of Bkrzbuos, witb regard to tbe constitution of the muriate of 
ammonia, and the other of Davt, concerning tbe nature of tbe aqneo-acids and their 
saline roinpound^ 

The former has been led to imagine, from analogies which it will be quite unne> 
cessary to recapitulate at present, that muriate of ammonia is a chloride of a hypo- 
thetical radical, wbicb be has denominated ammonmm, and which is oonsUtnted of 
one equivalent of nitrogai and of four equivalents of hydrogen ; and the oxide of 
tilis radical he considers as the basis of the oxysalts of ammonia. According to this 
\new, muriate of ammonia is represented by the formula (N + 4 II) 4- C^, and sul- 
phate of ammonia by (N -i- 4 II -f O) + (S -f 3 O). The former agrees exactly with 
the conclusion which we have derived from the electrolysis of the salt ; but the latter 
differs from tbe electrolytic view> wbicb is not that of a combined acid and base, but 
of ammenhm and a cmnpound anion (S + 4 O). 

Tbe hypothesis of Davy was, tliat tbe salts of tbe oxyacids might have an analogous 
constitution to that of the binary compounds of chlorine and metals, and that the 
aqueo-acids might be regarded as hydro-acids. As muriatic acid, therefore, is a com- 
pound of the simple radical chlorine and hydrogen, or + II, uqueo-sulphuric acid 
may be a compound of a compound radical and hydrogen, or (S -|- 4 O) -f- II. 

When muriatic acid is brought to act upon soda, water is formed and chloride of 
sodium, or + Na. When aqneo-sntpburic add is made to a^ upon soda, water is 
also formed, and a binary combination of the compound radical and sodinm, or 
(S -t- 4 O) + Na. 

The general view which he propounded was, tb^ a radical (which might be either 
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^ple or compoimd, as chlorine or eywaogea, or (S + 4 O) forms an acid with by* 
drogen, and a salt with sodiiiin or any othcT inctal. It was supported by many ana- 
logies; and it certainly has the advantage of assimilating in constitution a natural 
group of bodies which resemhlc one another so closely as the salts, and which former 
theories separaitd into the two dissimilar classes of oxysalts and haloid salts. The 
progress of organic chemistry, and the doctrine of substitutions^ has lately added to 
tbe presumptive evidence which favours this hypothesis, and the results of dectndysis 
which I have just stated will peobaUy be reckoned as direct evidence of its correct- 
ness. The only phenomena which do not fall within its oompidiensiim, are those of 
the decomposition of the dilute sulphuric acid ; as there appears no reason why the 
aqueo-acid should not be resolved into sulphm ir acid, and one equivalent of oxygen 
at the zincode, and hydrogen at tbe plutinode, or (S 4- ^ O) + H instead of 

(lH^ + o) + a 

If we regard the water as tbe electrolyte which yields upon this occasion, it is no 
less difficult to understand the quarter equivalent of sulphuric acid which accompanies 
the oxygen to tbe zincode, and w\th which the facility of the convection is connected. 
It is not, however, wholly dependent upon it ; for although, us we have seen, tbe 
quantity of sulphuric add whldi passes is the nme in all cases, the fiicility of deo- 
trolysatitm decreases as the proportion of add fidls below one part in nine of the 
mixture. 

The formation of these secondary electrolytes, and compound anions and cathions, 
will probalily furnish the key to the explanation of many of those chemical compo- 
sitions and decompositions to which the presence of water is necessary, such as those 
of nitric add witii the metal6» and to the formation of ScndNBsiM's drcuit i but the 
experimental examination of the hypotheses, and of the general question, must be 
left to a future opportunity. In the mean time, 

I remaiB, my dear Fauaday, 

Your ftithful friend, 

J. Fairanic Danull. 

Kitigs College^ London^ 
lAtk Magt 1889. 

Postscript. 

I have since ascertained that in aqueous solutions of the fixed alkalies tbe oxides 
travel in the contrary direction to that of the add in the dflute sulphuric add, and 

accumulate at the platinode. The amount transferred is in all cases below that of 
the equivalent of the gases evolved. I am at present enj^aged in fixing tlie exact 
relative proportions, and hope soon to communicate to you the results of my experi- 
ments. 

J. F. D. 

15fA <Ame. 
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VIII. On a new Equiatomic Compound of Bicyanide with Bhwxlde of Mercury. Bjf 
Jambs F. W. Johnston, Esq. FJELJS^ Professor ^ ChenUttry and Mine^ 
nUegy M the UniversUjf pf Jhirham, 

Reodvcd Maidi 21.— Rtid A|iril 11, 1889, 

When h ydrocyanic acid of noiisidcniLlc strrngth (10 to "20 per cent.) is agitated 
witli red oxide of nicrrury in large excess, a white coinpoimd is obtained, intermixed 
with the red oxide, on which cold water bus very little action. If the mixture be col- 
lected on the filter and treated with boiling water, the new compoand is separated 
from the excess of oxid^ aik^ as the ndntioii cools, is deposited on the ndes of the 
▼essd in the form of a white inemstation, adhating strongly, and consisting of an 
aggregation of colourless transparent four sided adcalar prisms. In favourable cir- 
cumstances, I have ol)taincd it in such prisms half an inch in length, but not snffi* 
ciently perfect to admit of measurement. 

This salt is reiuurkably distinguished froiu the bicyanide by its sparing solubility 
in cold water, by the strong alkalitie reaction exhibited by its solution, and by its 
rdations to heat. Heated gently in the dr, it blackens slightly and then explodes 
with little noise, but if it be heated in larger quantity (5 to 1 0 grs.), and in a close 
tube, it ( xjilodes with a loud detonation, and shivers the tnl»e into fragments. Itdoes 
not explode utuler the blow of a hammer. 

Burned with t)iciironiato of potash or oxide of copper it gives oli a gas which con- 
sists of nitrogen and carbonic acid, in the proportion of one volume to two. Thus 



1. 131 vols, treated with caustic potash left 47 

S39 Tols. treated with caustic potash left ..... 79 

3. 1S9 vols, treated mth caustic potash left 40 

91 vols, treated with caustic potash left 31-5 

590 197-5 
and 197*5 x 3 » 592-5. 



Hie formation of this new salt thmfore is not due to any decomposition of the cya- 
nogen. 

Dissolved in dilute muriatic acid and gently heated, it emits the odour of pronic 
acid. If sulphuretted hydrogen be passed through the solution in water, a precipi- 
tate, at first white and afterwards bccoininc- l>lack, is thrown down. To the sohition 
filtered and heated to drive oft' the excess uf hydrosulphuric acid, sulphate ot iron 
and afterwards caustic potash were added, when a precipitate of Prussian blue fell. 
The salt therefore contains 

MDCCCZXXIX. n 
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1. Qranogeiij since its solutioii when decomposed by hydrosulphnric and hydio- 
chloric adfl gives faydrooyanic add. 

2. Its alkaline reaction indicates an excess of mercury. 

3. That this excess is in the state of oxide is shown hy the detonating" property of 
the salt, the sudden decopposition bein^^ due to the action of the oxygen on a portion 
of the carbon oi the cyanogen. 

Heated to incipient decomposition the salt loses no weight, it is therefore anhy- 
drous. 

29*275 grains dissoWed in bydrodiloric and precipitated by hydroenlpharic acid 
gave 29*245 grains of bisolpbiiret of mefcnry = 86*191 grains of metallic meroniy 
per cent. 

29-27 grains gave 29-15 grains bisulphuret = 85-933 Hg per cent. 
34-93 grains gave 34*68 grains hisnlpliuret = 85*674 Hg per cent. 
The last result, as we shall spe, is nearest the truth. 

Burned with oxide of copper, 

63*55 grains gave C s= 1 1*96 = fi'lOS^carbon per oent. 



43-94 grains gave C = S'OO = 5-034 carbon per cent. 

The small quantity of water obtained in the fii-st analysis was obviously accidental, 
and therefore the water was neglected in the second. And since the nitrogen is to 
the carbon, as already shown, in the proportion of one volume or atom to two, 5*203 
carbon, the result d Hie two very approximate onei^ wliich should be nearest the 
truth, indicates 6*025 of nitrogeu, suu», 

163*875 : 177*036 : : 5-2a» : 6-025. 

Tberefore the salt consists by analysis of 

Carbon . . . . = 5*203 

Nitrogen. . . . = 6*025 

Mereury . . . . = 85-G74 

Oxygen . . . . ss 3098 

100 

This composition agrees with the formula (Ilg Cy^ + Hg O,) which gives 

per cent, oilculated. per cent, hj ezpariaait. 

aCvanoiren ^ = 805*750 « 5*168 5*903 

12 nitrogens 854073= 6-977 6*026 

2 mercnry = 5063*288 = 85-483 85*674 

2 03grgen = a0O-0OO= 3*378 8-098 

6928*110 100 100 
This salt exhibits many very interesting reactions. 
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1. Heated over <a iauip, imder water, it becomes yellow, and a portion of a yellow 
powder (lig Cy r) ultunutt-ly reiuaius undissolved, mixed witb protoxide and a little 
metalUe mercny; that is, a portion of it is decompoBed, probably according to tlie 
foOowing foniii:da 

(HgCf, + HgOi) + 8 H O = HgCy + Hg O + (NH» + 2C0^ 

the reductioa of the merciuy bdng the consequence of a second reaction. 

2. Caustic ammonia throws down from a cold solution of tliis salt, a copious and 
bulky white precipitate ; from a hot solution, the precipitate is slightly yellowish. 
The supernatant liquid, on evaporation, gives pure bicyanide of mercury. The pre- 
cipitate when diied at 212° Fahr. and heated in a close tube over a lamp, g'ives oflF 
ammonia, wat^r, and metallic mercury. It is probably the same compound which is 
obtained by digesting red oxide of meraary in caastic anmonia, and vrhich is si^ 
pued to be represented by one or other of the formulae 

(3Hg + 4NH3 + 8H) or CHg + 2Hg + 2NH2+ 12H). 

3. A solution of sal ammoniac throws down a yellow precipitate, the supernatant 
fiquid having a strong alkafiiM reaction. On beating, the preciintate is redissolved, 
ammonia is given off, and the alkaline reaction disaj^ears. The £rect action here is 
the change of the bincxide into bichloride and the liberation of ammonia, according 
to the formula 

(Hg Cy, + Hg Oa) + 2 NHTCI = Hg Cy, + Hg CI, + 2 NH^O. 
The white prrcipitate is a secondary result, due to the action of the free ammonia 
(as above nicnti iied), and which consequently disappears when the ammonia is 
driven off by heat. In this case, however, since bichloride is present, the white pre- 
dpilate will not be the same as is produced fay the action of ammonia on the new 
salt (8,), bnt may consist in part or in whole of the loog-jcnown l^firargjfnm freci- 
piahm alium, the true composition of which (Hg CI, + Hg-h SNU^J has been re- 
cently established by Dr. K*ia. This reaction is represented 1^ tlie formvla 

3HgCl,+4NH,«(HgCI,+!|g+iin5) +aKBIt5i. 

4. The find alkaline chlorides render the solution of the new salt milky, and 

throw do^m a small quantity of a white precipitate, the liquid becoming more strongly 
alkaline. In this case also, the chloride gives up its chlorine to the mercury, and the 
free alkali 'causes the increased causticity of the solution. The milkiness I attribute 
to the presence in small quantity either of ammonia, or of some neutral salt (for* 
miateO of mercury, the decomporition of whidi by the alkaline ddoride causes the 
fonnation of an eqmvalent portion of calomel. It is known how readily formic add 
and ammonia are produced at tlic expense of cyanogen, when water is present*, and 
!f would appear that the action of heat upon this new double salt in water very fre- 
quently gives rise to these products. In treating with boiling water the mixture of 
* The mctioo is thu» npnacated : N + 4H 0 = (HCtO. + NH^. 

«2 
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oxide of mercury and tbis salt, (which is produced on digesting prussic acid with 
the latter in exoe88>) in order to obtain the salt in solution, coploua bnbblca of gas 
are evolved, the smdl of ammonia becomes peroeptifale, and much metallic raercacy 

is precipitated*. On concentrating the solutions also, decomposition takes place, 
with deposition of rnetallie nierciin,* ; and when the crystallized salt is dissolved in 
boiling vratcr, a black sediment in greater or less quantity is generally oli^ervable. 
In the solution therefore when coid, the presence either of a trace of a formiate or of 
any aniiuoniacal salt would account for the slight deposit wUefa oocurs when chloride 
of potassium is added to it. When chloride of magnesium is employed, the milkiness 
is more speedy and more distinct, a light bulky hydrate of magnesia being thrown 
down, as is to be expected, when we consider that on parting with its chlonnc the 
magnesium is oxidized, and set at liberty in a liquid which can retain very little of 
it in solution. 

If the salt be added in successive quantities to a concentrated boiling solution of 
chloride of potassium, it is largely dissolved, and on cooling, the beautiful pearly 
scales of the compound of bicyanide of mercury with chloride of potassium M down. 
The supernatant liqmd contains bichloride of mercury and caustic potash. 

A solution of Iodide of potassium produces analogous compounds and leaetlons, as 
does also a solution of cyanide of pot assinm. 

5. The solution of this new salt (oxycyunidti), as has been already stated, has a 
strong alkaline reaction. If it be added to a very dilute solution of nitric acid till 
the solution ceases to redden litmus, it will be found to dissolve with great ease and in 
Uii^ quantity. The solution by careful evaporation g^ves long, delicate, transparent, 
colourless, quadrangular prisms, or hcxagimal plates and pearly scales, and crystal* 
lizes to the last drop. 

At 212' Fahk. these crystals lose nothing, and therefore contain no water. Over 
the lamp in the open air they decompose with a flash of white light, giving off me- 
tallic mercury, and leaving a yellow residue. In a close tube they are decomposed 
with a slight det«mation, and with the emission <rf red fiiaieB. 

88*334 grains of the oxycyanide, cautiously treated in this way, gave beautiful 
ciystals, weighing 40*53 gnnna, equal to an increase of 6*738 per cent. The new 
compound therefore consists of 

Calculated . Found . 

,Onc equivalent of oxycyanide (Hg Cyj + Hg Og) . = 69-23 94 *285 94-272 
One half equivalent of nitric acid, ^N0<^ . . . s 3-38 5*715 5*728 

(i2(H 100 100 
This salt is readily soluble in water. What is chiefly interesting in regard to its con- 
stitution and properties la, ihaL the alkaline reaction of the oxycyanide should be fully 

* This Becond reaction it dne to the decomposition of the fonnlate of ammonia byHhs igSBCJof tfltbilMndde 
of meiciuj thus: (HC,0, + N H,) + HgO«= (NH, + CO^ C0« + Hg. 
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deiitruycd by so small a quantity of nitric acid. This Sact would seem to show, tbut 
the bicyanide of mercury, and consequently other oompoandi of the mne daas, do 
really posseii mmethin; of the cbanicten of the true adde, haviegthe power, if nol of 
compl^dy neutralizing a metallic onde, at least of so fiir modifying its basic cha- 
racter as materially to weaken its neutralizing action on the oxygen acid. 

6. This is further illustrated by the action of ncptic acid on the oxycyanide. A 
weak solution of this arid dissolves it in largi; quantity, and if rareftilly saturated, 
the !>olutiou gives, on evaporation, a white salt haviugthe odour of acetic acid, which 
loses nothing at 320^ FAsa., but when heated in a close tube, blackens and gives off 
cyanogen, metallic mercnty, and a strong odour of acetic acid. In prqnring this 
salt, it ia difficult so perfectly to neutralize the acetic acid, that, during the evapom- 
tion*, any excess that maybe present should not, as it becomes concentrated, decom- 
pose some of the bieyanide whit li the solution eontains. On tlie foilowinji: ip^ults, 
therefore, I do not place much reliance, though they serve to show by how smalt a 
quantity of this acid the oxycyanide may be perfectly neutraliaed. 

InotttM. 

49 grains of oxycyanide gave 40*94 of the new salt = 1*918 per cent. 

34-5rt7 irnilns of oxycyanide gave 35*30 of the new salt = 2*294 per cent. 
54'00 grains of oxycyanide gave j'i^ li'i of the new salt = 1*704 per cent. 

Tjtking tfjc atom of acetic acid at 62.'^, these results indicate the addition of one- 
sijcth of an equivalent of this acid to each equivalent of ihe oxycyanide, or that the 
new compound is (Ilg Cy^ + Hg + ^ A). Thus we havC' 

Ctlcatotrt per c«nt. Found p«r cent. 

One equivalent of the oxycyanide = 5923 = 98 *23 96*396 

One-sixth equivalent of acetic acid = 643 B 107 = 177 1'704 

6 6030 100 100 

Though this is not a sofitary instance in which one of acetic acid combines with six 

of base, the subacetate of lead (6 b () + A) being an analogous salt, yet I would be 
understood as representing the constitution above given for this salt as open to fntnre 

correction. 

I have tried also several other organic acids, and have found tliat with the benzoic 
and citric acids, soluble and crystalUzable salts may be obtained, and with tartaric acid, 
a oomponnd which, after being crystalltsed, is decomposed by water into a sololile 
and an insolnble portion. Oxalic acid gives a white predpitate, and the filtered so- 
lution, on evaporation, two salts ; one in white prisms, the other in yellowish crystals. 
I have not subjected any of thesa compounds to analysis. 

7. When an acid solution of nitrate of silver is poured into a hot saturated solu- 
tion of the oxycyanide, a shower of beautiful pure white prismatic crystals falls. 



* When a solution of tlic bieyanide ti hated with aoctie add the odour of prune neid hrrmmfi diitioctlj 
perceptible. 
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TheM eryHali ifiHolve readOy in hot vater and re-cryalalliie on cooliiig. Heated Id 
a dew veaed tbqr give off water, beoomo opake, mdt, and finaUy explode^ with the 
beantifiil purple flame characteriatie of bnniing cyanogen. 

Heated on the Water Bath. 
33-136 grains lost 2*63 grains = 7*939 per cent 
31*075 gidns lost 3'46 gndns s 7'916 per cent 

On standing in a mdaC atmosphere finr a ftw dagrs, the dry sdt reeovers the whole of 
its water of cryatailintion. 

The 33*12$ grains, after drying as above, were dissolved in water and precipitated 
by muriatic acid. Tlie chloride of silver obtained weighed 10*48 grains, = 23"834 
per cent., or 37 o33 of nitrate of silver. Tina salt therefore is the compound disco- 
vered by WoULBR (Hg -f Ag O . N O5 + 4 H Oj, and which is composed of 

Calculated per cent. Fouttd per cent. 

Bicyanide of mercury, 1 eqaimdent s 3991*46 33709 64*640 

Nitrate of silver, 1 equivalent . £=21280} 88*214 37-533 

Water, 4 equivalents . . . . = 449-93 8*077 7*927 

5670*02 100 100 

Many of the other iatereslxng reacttons of the oxycyanide may be predicted from 
its constitution, and its use as a rpag:cnt will occasionally lit- valuable to the chemist, 
from its ufTordiug a solution in which binoxide of mercury exists as such, and pos- 
sessed ot alkaline properties. 



Durham, February 1839. 
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UL Omiht Cuutitutitm of ike Resbu. By Jambs F. W. Johnston, E$q. MjL F.RJS^ 
Prewar 1^ t^aiii$try md Mhmvkgjf in the Umoernty i^ Durham, 

fbtainA VbaA Sl^Rcai AprfT 11» 18S». 

The object of the investigation, of which the present paper forms a part, is 

1. To di trnninp the relative composition of tlie various rcsina which occur in na- 
ture > Pohsessiug so many properties in common, this large family of natultd produc- 
tions ought also to present many analogies in constitution. 

9. To aflcert^ how Ar Aey may be oonsideRd as deiivalives fiom one eommoii 
rftdical: end 

3. Whether it » poodbfe to represent them all by one or more general formvlc 

I. Resin of Mastic. 

Mastic resin is said to be obtained from the Pistacea leritiscus, and to be produced 
chiefly in the island of Chios. It occura in drops or tears, which are transparent, and 
of a pale yellow oofanir. It mdte at 313^, and nuita a peculiar and not unpleasant 
. odour. Fnsed in a retort it f^ves off an acid liquid in smalt quantity. If the heat 
be raJeed to 300° Fahr. and upwards, the melted mass froths up, and water and acui 
vapours are evolved. At a higher temperature a pale yellow liquid distils over very 
slowly, at first of the consistence of oil, but increasing in thickness as the process 
proceeds, water and acid being- also given off during the whole process. What re- 
mains in the retort is of a black colour, and nearly insoluble in alcohol. 

Digested in cold alcohol, mastic redn'is in great part dissolved; what remains is 
nearly pure white, elastic, capable of being drawn out into long fibres of a silky 
lustre, and is a compound with alcohol of a second resin (B), very sparingly soluble 
in alcohol, but more largely in an alcoholic solution of resin A. Hence the solution 
obtained contains a portion of the second resin, which may be in a great measure pre- 
cipitated by large dilution with alcohol. 

I. The solution of resin A thus obtained is of a pale ydttow colour. Distilled and 
evaporated at 8ia* Fabb., it gives a pale yellow resin flowing freely at that tempera- 
ture, but at Ingber temperatures frothbir op and giving off aloohoL 

Of a portion fined at 350^ Fahb. till it ceased to emit bubbles of vapour, 

8*67 grains gave C = 34'«86, and H s 8*18 
10*73 grains gave C = 30*985, and li = 9-60 
10*294 grains gave C = 8d' 16, and H ss 0-614 
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Tliese rtsnlb give per cent 

(I.) (2.) (3.) 

Carbon = 78729 78* J 72 78-328 

Hydrogen = 10*483 10*337 10*377 

Oxygen = 10788 11-49 1 11*305 

100 100 100 

These agree nearly irith the formula C^^ II^^ 0^, which gives 

Carbon s 70*37& 
Hydrogen = 10*855 
Oxygen s= 10*370 

100 

and was adopted by Rose as representing the consUtution of colophony. The car- 
bon, however, is ddieimt, and the hydrogen, according to the mon recent analyses 
of Taoimanow, Lmno, and L&uruit, is in brger quanti^ than in either the pinic 
nr sylvic add. I therefore dissolved in alcohol a second portion of the niastic of 
the shops, diluted the solution largely* with alcohol to separate tlie resin B, evapn- 
rritpil nnrl hrntpfl to 260' Fahr. for eiirhtcen hours. Stirring it occasiooally as long as 
i»ul)ljles ot vapour were evolved in any quantity. 

Of this resin J 0*38 grains gave C = 2978^} and H = 9 48, or 

(4.) 

Catbon s 79*343 
Hydrogen = 10147 
Oxygen s 10-510 

100 

which is almost identical with tlie result of Rosa for the crystallised resin of copaiva 

balsam. 

II. Heated again in the air to 850^ Fahr. it had lost its fragrant odour, and emitted 

white vapours. In this state 8*718 grains gaveC = 25*16 and H = 8^09 grains. 
These are equivalent to 

(5.) C«, H,„ gives 

Carbon = 79800 79*79 
Ilydrog^en = 10'221 977 
Oxygen = 9979 1044 

100*000 100-000 

The carbon in this analysis is the exact theoretical quandQr required by Libuc*s 
formula for the sylvic and pinic acids, but the hydrogen is still considerably in < 



* Tin tolution from which the resin fint Mnlysed was obtained had not been diluted, as I wn not then 
awiu-e that by this means resin B would be mxttt cfftCtlwOy BCpanted. Th« Rsn A nf mlpU I, S. Z, nigllt 
therefore contain a portion of resin B. 
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The resia thus anal;^ed, however (5.)j had undergone a change of conBtitution by 
being hoited to 330°, for, when treated with alcohol, a large portion of it refused to 
dinolve» femaiidiigbdilikd m a soft reddah nrfn» on wbidi the alcohol of flie dw^ 
apptared to have little aetion in the cold. 

After taking up all that was soluble, tbealcoholic lolotioowasevapofaledy and Ae 
renn heated for two hours to 260° Fahb. It was transparent, reddish yellow, and 

very beautifuL On aaalyBls 10*90& gvaios gave C » dl'92& H a: 10*742 gvfdns, which 
are equal to 

(«> 

Carbon = 80- 5 07 = 40 atoms 
Hydrogen = 10 885 = 33*11 atoms 
Oxygen = 8 608 = 3*27 atoms 

100 

The soluble part therefore of the changed rcsfai was no longer pnre mastk resin A 
(see tn/rti analysis, Nos. 26, 27, 28.). 

III. A third portion of the mastic of the shops was boiled in water for several hows, 
by which it was rendered white, opake, and less fusible, probably from the loss of a 
portion of volatile oil existing in the resin of comnxme. It was dicD digested in a 
large qnantity of alcohol, in whidi it now also disadved more slowly. The solotioa 
was evaporated, and the resin obtained agatn bdled in mUet Ibr a length of time to 
drive off the whole of the alcohol. 

1. A portion of this resin was then heated to about 240° Fahr., when it fused freely 
and ran smooth, and when cold had the same beautiful colour and appearance as 
that previously analysed. 

10*956 grains gave C = 31*35, and H = 10 l^ti, ur per cent. 

Carbon s 70'198 
Hydrogen = 10*279 
Oxygen = 10*590 

100 

2. A second portion was heated only to 212° for 48 hours, when it had become 
transparent and of a pale yellow colour. At this temperature it softened, but did 
not enter into perfect fusion. It still showed a tendency to fomt minute bubbles of 

gaseous mailer. 

10713 gndns gave C s 30*711 and H « I0H)9 gndns^ or per cent. 

(8.) 

Carbon — 265 
Hydrogen = 10392 
Oxygen = 10*343 
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The resin employed in tlieee Inst analyMe (7* and 8.) wis entirely disstdved vhen 
treated with aleohol, No^ 7> leaving only a trace of inralnbie matter. Thqr may be 

oontidered therefoi-e as representing veiy nearly the constitution of the soluble reeio 
of mastic. The rurinula C^q Hji Q| agraes very closely with these resnlt8» and with 
that of analysis No. 4, thus: 

(8.) (4.) 
Calculated. Exper. Exper. Exper. 

40 Carbon = .vi-,-- 1 ho = 79-531 79*122 79-343 

31 Hydrogen = a8(j-y07 = lO-OG;) 10-279 10-392 10147 

4 Oxygen = 400 000 = 10-406 1U 599 10 343 10-510 

3844-347 100 100 100 100 

If this be the true eomposition, it shows a close approximation to the pinic and 
sylvic acids, and yet a cause for the difference in the sensible properties exhibited by 
these different kinds of resin. If such differences should nctually be found to exist 
in nature, the iitriking fact will at once suggest itself, that under the general expres- 
sion C49 lla^s O4 we may have a great variety of resins ; and a stiU greater variety, 
exhibiting also more sensible diffbrences in their ^ysical properties nnder the more 
general one of C40 Hj2.« O^^^ 

IV. Action ^ Heat,— We have seen that when resin A is heated to 960^ Farii. or 
upwards, it is partly decomposed, and an insoluble porti<m remains when it is treated 

largely with common alcoliol in the cold. This resin is in mass ot a reddish odour, 
and is soluble in boilinc: nl ol ul, from which it falls as a yellow powder on cooling. 
Dried at 212° Fahb. it does uut melt, but at about 130° it begins to cohere into a 
dark reddish brown mass. Heated for twelve hour:> at 212°, and afterward exposed 
to a tonperature at which it began to cohere, 

A. 8*638 grains gave C s 24-33 and H=i 7776 

B. 10*094 grains gave C = 31'346 and H = 9-976 
These are equivalent to 

A. (9.) B. (10.) 
Carbon = 7tt702 = 78943 

Hydrogens 10>]19s 10* 138 

Oxygen as IM19= 10*939 

100 100 

2. As these results do not give any clear idea of what takes place when the resin 
is thus heated, I introduced a portion of the pure resin into a glass retort and kept it 
fubed in a sand bath for twenty-four hours, the heat during the last twelve hours 
being raised to 270^ FAna. Water was deposited in the neck of the retort, rendered 
sour by a crystaliisable acid in snudl quantity. The heat was withdrawn, when a 
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pale yellow liquid began to show ittdf in the apper part of the retort. The resin 
was red and exoeedingly beaulifiil» and when traited with alcohol was now separable 
into three portions. 

A. Boiled with alcohol of the shops, a portion of a red colour was left, on which 
this liquid appeared to have little further action. It adhcreci strongly to the retort, 
but was separated by boiling water, and obtained in the form of a (iirty yellow powder, 
which, at 270° Fahr., showed no sytnptotns ot lusion. Dried at this temperature 

8*475 grains gave C = 33'625 and H = 9'859, or 

(U.) G«,l];»0,gim C«H„Oigim 

Carbon = 77080 7776 77-51 

Hydrogen = 9859 9"62 9 80 

Oxygen = 13061 IW 12*69 

100 100 100 

From a single analvf^is, which was all that the quantity at ray disposal enabled me to 
perform, it is inipossii)Ic to determine which of the formulae represented in eohimns 
2 and 3 is the true one. Probability, however, is in favour of the first, or €4^ 
which indicates that when decomposed by a moderate heat one of the changes whicli 
mastic resin A. undergoes is the substltntion in a part of it, of an atom of ox^en for 
one of hydrogen, the new compound bang nearly insoliible in common alcohol even 
at a boiling temperature. 

n. The Itoilln^ alcoholic solution deposited on cooling a pale yellow resin, which 
heated and fused, became brownish I'ed. 

1 l'S17 grains gave C = 33*868, and H ^ 10*366 grains. 

C. The cold alcoholie soludon, when evaporated and heated gently till perfectly 
transparent, gave a beandfol reddish yellow resin, of which 

12 05 grains gave C = 34 003, and H = U-227 grains. 
These results are equal to 

B. (Ifi.) C. (IS.) 
Ckrbon = 79-28&= 78*026 

Hydr(^s« 9737= 10-362 

Oxygen 11*038= U*622 

100 100 

From these analyses we cannot derive much information with regard to the oonstitn- 
ti<m of these sdable portions of the changed resin, and it would be necesaafy to 

cariythe process further than was done in tliis experiment, before the action of heat 
can be accurately nnder.stood. If we rnig-hr !)f' gui ied in our opinions as to the ulti- 
jnate nature of the soluble part by the cou^titutiuu of the small quantity of which 

r2 
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No. 6. tadiibiti uialysis, we •hoiild iniBr that two neir raiiiis are produced, in the 
fonnuln for wUcb are found 0^ and raapcetively. But the mibject rMjuires forCber 

inveetigation, and I hope to be able to return to it at a future period. 

V. Atfmic weight of Resin A. It has been already observed by Unvbroorbbn that 
the resin of nmstic bears a considemble resemblance to colophony, and oombineswitli 
n«iriy the sanie proportion of oxide of lead. 

A. Salts of Lead. When a solution of this resin in alcohol m mixed with an alco- 
holic Mlmioii of acetate of lead, a white piedpitatc foils, which, when dried at 2W 
heoomcs yellows At 860*FAnR. it mells into a browmah yellow nuaa without deoon- 
poeition. 

1. Dried at SOO* Fabs. 1 1*610 fraina left 2*307 giains of oxide of lead — 19*878 

per cent. 

2. Of the same/used at 350" Fabjl, 10 33 grains left 2 07 grains of oxide s 20-038 
per cent. 

niete give for the conatitntion of the aalt 

1. 2. 
Resin . . . 80 122 79-9621 
Oxide of lead. 19-878 20 038 J * * ' * ^14.) 

100 100 
It ia thetefoce UMayiiifalf = 1H<^40 H3, 04) + PbO, which conaiata of 

Re«m = 80-527 1 

> s 100 

Oxiiip = 19-473/ 

When boiled in alcohol, after being dried at 'M.vf Fahb., this salt is not wholly dis- 
solved. Of that which was left undissolved in une experiment, 

12-17 griuna left 3*09 oxide of lead == 2&-3i per cent.' 

8*flOS giaina kft 9*30 oxide ofkadB $4*99 per cent, 
in anottier experfaaent » . . (15.) 

8*67 grains left 2*332 oxide of lead ss 26*04 per cent. 
11*491 giaiua left S'OSd o»de of lead = 26*33 per cent. 

Theae reanlta agree with the formula (Cm O4) -|- Pb O, whidi girea 

Resin = 73-3881 _ 
Oxide = 26-612 J 

The boiling alcoholic solntion deposits on cooling- a white precipitate. After being 
dried at 300°, ttie portions of this precipitate obtained from the above two experimenta 
were burned in the air. 

A. 5-21 grains left 0-994 oxide of lead = 19*079 per cent.' 

5-52 grains left 1044 oxide of lead = 18 913 per cent. - . . (16.) 

B. 9-917 graina left 1*683 oadde of lead s 18*249 per oentj 

The lalt thna precipitated ia therefore tiie aame aa that obtabied by ^ direct ao- 



uiyui^-CLi by Google 



MB. JOHNtlON ON TBB COMSTlTimOlf OF TBB BBBIN8. ISS 

tioiioftike MdtttioiMof rerin A.aiul of acelaleof kadoQcadi When boiled 

oa tbie teaqnisBlt, therefor^ the iikobol deeomposet it, di«eolviDg a Hsalt and lea^ 
ving^nmUrat salt msoluble, while from the solution of the former a set^BtXt pre* 
l^pitates on cooling. This accounts for a slight deficiency in the oxide of lead found 
in these salts ; the presence of a small quantity of a more acid salt in each causing a 
higher percentage of resin than is given by calculatioa. 

When to the acid solution containing acetate of lead and resin A. from which this 
MtqmiuJt has been separated by £ltiatloD» pure ammoida is caatiously added irith 
repeated agitation; a fiirther white ptedpitate fiills, winch is frebaibfy the nentral salt 
above described. I did not dry this salt, hot transferred it whilst still moist into 
boiling alcohol. After repeated dieestion a comparatively small portion only was 
dissolved, the boiling- solution depositing the ^es^iMsalt as it cooled. The in&oiuble 
salt was coiiecti 1 and dried at 300* Fahr. 

6*93 grains left 'J-452 of oxide of lead = 41-357 per cent. 

It is therefbre a dtsalt s (C^ Hn OJ + a Pb O, which consists of 



By experimflot. Calculated. 

Resin = 68-643 57-96 1 

Oxide = 41367 42 04 J 



(17.) 



100 100 



It qppearSi therefore, that resin A. <tf mastic forms with oxide of lead at least foar 
oomponnds. 

a. 2 (€40 H;,, O,) 4- Pb O obtained in solution on boiling b in alcohol. 

b. 3 H^i O4) + 2 Pb O by mixing the alcoholic solutions of the resin and of 
acetate of lead, and bj subsidence from boiling solutions of «. 

(C40 Hn Q|) + Pb O left insoinUe when k is boiled in alcohoL 
d. (C40 Ha + 2 Pb O left insoluble when the fredl precipitate from ammo- 
niac al solntions of the resin and of acetate of lead is boiled in alcohol. 

The compound a, as will appear from the preceding detail, is hypothetical, but its 
existence is necessary to explain the action of alcohol on the sesquisaXtf and is ren- 
dered almost certain by the esieteiice of aa analogous silver wit*. 

B. SttUt jSlMP. When an ammomacai solution of nitrate of silver in alcohol is 
poured into an alcoboUc solntion of mastic resin A» a pure white precipitate Alls, 
soluble in large excess of ammonia, and becoming reddish brown in the sun's rays. 
Collected on the filter, and afterwards boiled with alcohol, it is nearly all dissolved, 
giving a slightly coloured solution, from which on cooling, a bulky white precipitate 

• If from tlie tolution uf the ftisalt a irr^yKi?nlt prpcipitnte 8pontaiieou!<1y, a more acid salt still must remain 
in aoludon. Him equivaJeuta of a frinlt would allow two of a MtynMalt to fall, whQe one of a temll would 
remain in sdotioD. I ddl faiM «aeMiaia kandbr to ntntiion oditr dn^^ 

id odMn wbidi flontib dBM flf Inm. 
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agwn fidlfl. This hiMcy pradpitate waa dried pfenme betmen foldi of bibnloiu 
paper, and afterwards at a temperature of 250° Fahr. 
Dried at 250°, and still in the state of a irhite powdefj it left 16788 per eant. of 

metallic silver when burned in the air. 

At 30U , when it cohered, became of a dark coiuur, and gave a brownish red powder ; 
it left 16*042 per cent, of silver. At 350° Fahr. when it began to flue it left 19'644 
percent. 

The mean of these three results is Ift-flOI per cent of ^ver, or 17*066 of oxide of 
silver, therefore the salt counts of 



A compound represented by tlie funnttla 2 (C40 H31 04) + Ag O ahoold oontain 
I6'88 per cent of oside of silver, from wbach it would i^ipear that tiie above is a MuH 

with a small « vress of silver. Tliat there are other salts of silver containing less add 
is renderctl probable by the difficulty of obtaining this ft/salt %rithoat excess of base. 

VI. ComtittUion of the Resin Salts, — ^There remains still one important question to 
be solved in regard to the constitution of the salts of this and the other resins. Does 
tlte renn unite wiHi the oiideaa a whole and without change, aa muriatic acid uuilss 
with ammonia to form sal-ammoniac, or is it altered in anyway, as the organic acids 
generally are when they combine with bases ? Does it part with any of the oxygen or 
hydrogen it contains, when it forms a metallic salt f This inquiry is a very interest- 
ing one, and it is not at all answered by the experiments above detailed. The results 
obtained are sufficiently wide of the quantities indicated by theory, to admit of con- 
siderable changes in the constitution of the resin, the existence of which can only be 
discovered by the ultimate analyds of the several compounds. In the paper of Rosa 
on the constitution of oolopbony and some of the other resins*, the relative quantities 
of acids and base in several of the salts is investigated, but no ultimalc analysis of 
them is given. He only says^ tliat, by llie ultimate -rinTilysis of the salts, be ol tiLinrd 
nearly the same composition for the resin as by analysing the pure resin itself. From 
this it is fair to infer, ttiat he found a slight ditference, which he would naturally 
attfibule to some impurity or imperfection in the salt employed, and would not, 
therefore, conrider these results to be deserving of equal confidence with those ob- 
tuned from the pure resin. In the actual state of our knowledge in regard to the 
theory of the saline compounds of ocgaide aobstanoes possessing acid properties, it 
would be a great step in advance were the constitution of the resinous salts accu- 
i-ati^ly made out, and it might be expected to throw much light 00 the relative con- 
stitution of the different resins themselves. 




(18.) 



100 



* Poaamioin^i 



xndn.^S>. 
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1. Of the neutral salt of lead above described, 11*9 graias gave C = 2j 1 i, and 
H = 7*372 graina. This to equal to 

(19.) PbO + (C,oH„ O,) pm 

Carbon . .= 58 68-361 

Hydrogen . = 7-372 7384 

Oxygen . . = 7-882 7-643 

Oxide of]«ads 96*333 26-619 

100 100 

2. Of the sesquisalt of lead 2 Pb O -}- 3 (C^Hji O^) 11-28 grains gaveC = 26732, 
and H = 8-446 grains. This is equal to 

Experiment. Calculated. 
Oabon . .= 65-699 64*044 



Hydragea . = 8-446 8*103 
Oxygen . . = 7776 8-3/9 
Oxide of leads 18249 19-477^ 



(20.) 



100 100 

The first of these results to very near the theoretical constitution, and could it be 
exclusively depended upon, would indicate C,fl Tin, O4 as the formula for the resin. 
The second analysis exhibits an excess of carbon, but the salt was not pure, as the 
quantity of lead it contained indicates. Want of material prevented me from re- 
peating the analysis. Both i^ults, however, are equally satisfactory in showing, that, 
in combining iHth the oxide of lead, the renn parts with none of its oxygen, and that the 
tNiae doee not replace eny of the demenle which it containB in an uncombined state. 

3. or the mfaalt 9 Pb O + (C^ H91 0«) dried at 80(f FARt. 

A. 13*6 grains gave C s 99*64, and H » 7'<to4 

B. 14*1 1 gnuns gave C = 24*00, and H = 7" 1 27 

C. 8-926 grains gave C — H and H = 4-696. 
These are equal to 

A. (21.) B. (22.) C. (23.) 

Carbon = 45*827 47033 45760 

Hydrogen . — 5767 5-612 5-720 

Oxide of lead = 11 336 4 1 -360 4 J -355 

Oxygen . . = 7*040 5 998 7165 

100 100 100 

The formnla/equires 

40 Carbon . . « 3057 48 = 46 09 

31 Hydrogen . = 386-86 = 5-86 

2 Oxide of lead = 2788-99 = 42-04 

4 Oxygen . . = 400 00 = 6 0 1 



6633-34 100 
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Hie Beoond analyBia B. eshibitB a oodiidenlile exoeas of carbon, probably ftom an 
error of analysis. All the three, howevw, agree in representing the hydrogen as less 
than the formula adopted for the resin requires. A salt coottBtuag of (C40 O4) 
+ 2 Pb O would contain 

Carbon . . = 46*16 
Hydrogen . s 5*65 
Oxide orkads 49*13 
Oxygen . .s 6*07 

100 

The qnanlity of hydrogen is even mflideBtly email to allow us fo wgnteaA the 
rerin by (Q^ O4), while the neutnd ealt appears to oontiun (€4, Q*). We 
can draw no inference in regard to the amoant of hydrogen it contains from the 
analysis of the sesquisalt, from its apparent impnrity ; but in the other salts of lead 
the hydrogen present is manifestly less than in the pure resin according to the ana- 
lyses above given (4^ 7 and 8.). Can the metal replace the hydrogen, giving in tlie one 
C40 H30 Pbj O5, and in the other Pbj O5, and can such be the general consti- 

tution of the rcshi salts? This can <«ily be deteradaed by nomerons and reiaed 9m- 
tyses of these componnids. 

4. The salt of silver prepared, as already described, by precipitation and subsequent 
resolution in alcohol, and containing 16-954 per cent, of oxide of silver, gives adif^ 
ferent result from those of lead in regard to the constitution of the resin. 

A. ia*565 grains after heating to 300" Tmou, when it beguk to Aise, gave C s 30*74» 
and H s 0*704. 

B. Heated to 360^ only, 11*38 giains gave C s 38-398, and H = 8*0 grains. 



These results give per cent. 

A. (24.) B. (».) Calculated. 

Carbon. . .= 67595 68'878 G8 5H9 

Hydrogen . . = 8-681 8 689 8-398 

Oxygen. . .s 6*870 6it9i 6783 

Oxide of silver ss 16*064 16*954 16*381 

100 100 100 



The third colomn is calculated according to the formula 2 (0^ H30 O3) + Ag O, 
and approximates as elosdy to the experimental xcsnlts as was to be expected from a 
salt containing an excess 1^ oxide, probably from the presence in smaU qnantily of a 
IcM add compound. 

It appears, therefore, that In uniting with oxide of silver, the elements of an atom 
of water have been c:'^ven off, the resin C^^J H,j becoming C,o Ihs ^ -f- ^- And 
yet that this is not ov^ing to a simple replacement of hydrogen by silver in the salt, is 
shown by its containing two equivalents of resin to one of oxide, 2 HO being given 
olT while Ag O only is taken np. It is by no means clmrly dedodble from these 
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analyses, therefore, tlmt the constitution ot ttie resin of mastic A. is truly represented 
by C^o II30 O3 + H since during the treatment with ailver and ammooia aome 
deeper change may have been effiicted, giving rise to a new resin repreaented by 

Pm H30 O3. 

And that this is really the case, seems to be confirmed by an examination of the 
ariinioniaral alcoholic solution from which the salt of silver has been pipptpitated. 
When tliis solution is decanted, and by distillation is concentrated and ih prived of 
its excels of ammonia, it becomes of a brown colour, and u dark browti rc&in ialls 
to the bottom of the retort or of a jar, into which the eolation may be poured. On 
iiirtber concentration, after cooling, more of this resin Jails, after which a pred^tate 
of a white silver salt makes its appearance. 

Separated by decantation, and kept for twelve hours at 312** Famb., at which tern* 
peratiirc it iFielted readily, 

A. 5 089 grains of this brown resin burned in the open air, left O SS of silver, 
equal to 1786 per cent, of oxide. 

B. 10'97 grains burned with oxide of copper, gave C = 31*67, and H = 10*565. 
Correcting B by A, the reain con^a of 

(26.) C«H»0,||iTCt 

Carbon = 81*280 81'885 

Hydrogen = 10*895 10*620 
Oxygen = 7*852 7*995 

100 100 

When dissolved in alcohol a small quantity of a dark brown ailvcr salt was aepa> 
rated. After tiltration, evaporation, and fusing at 212° for aeveral hones, the resin 

was obtained nearly free from silver. 

A. 3*061 grains left, wlien burned in the air, 0 010 = 0 522 per cent. 

B. 9- 158 grains gave C = 26*525, and 11 = D O. 

C. After beating for several boors at 30CP Fahr., during which a fragrant odour 

was emitted, 10'1&5 grains gave C = 29*40, and H = 9 9aa. 
These gave for the coostitotion of the rerin 

A (27.) B(28.) 

Carbon = 80 510 80-74 
Hydrogen = IO076 10-925 
Oxygen = 8 514 8 601 

100 100 

If wc admit, as is very probable, that the excess of hydrogen and oxyp;en indicated 
by these analysns over those obtiuned in analysis '26. is due to the prt scnre of a 
small quantity of water, even after heating at 300^ Fahr., the three results become 
entirely accordant*, and leave little doubt that the constitution of the rei<in is cx- 

* The discordance in tht rMult* tbtu obtaioed fortlw HUM nu*, ot the aantereiin before and after MtutiM 
Mncccxxxix. a 
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prewed at least vety appraximatdy by C40 Hgt Qj. In looking back upon oor pn- 
vions analyses aUo, we find in No. 6. a very close agreement with these now given; 
frofn which, compared with No. II., it would appear tfiat by the long continued 
action of a temperature not below 350° Fahr. the resin of mastic A, besides other 
alterations, is changed into a soluble resin containing three, and into an insoluble 
resin containing probably^/£tw equivalents of oxygen. 

The constitution of the resin formed during tlie preparation of the silver salt, seems 
thus to coaftrni the opinion above stated, that a deeper change is produced upon icsin 
A during the treatment with nitrate of silver and ammonia, than the simple extrica- 
tion of the elements of an atom of water. The large quantity of hydrogen present in 
the new resin especially supports this view. In the silver salt we have taken C,o 
O, iiH the uiost probable expression fur the resiu it contains, assuming, as is usually 
done, that the lowest amount of hydrogen obtained by analysis is greater than tlie 
troth. In the analysis of the resin itself the same precautions were taken, yet Cg, 
Has contains the lowest amount of hydrogen which the results permit us to adopt. 
The presence of moisture in the oxide of copper coold not, with the precautions 
adopted, occasion so great an excess of hydi ogen; and in analysis (20.) there is no 
(-orrc"'])uiiding excess of oxygen to justify u& in attributing the difference to bygro- 
nietric water in the resin itself. 

5. With the view of investigating more closely the action of oxide of silver on the 
resin A, 1 dissolved a portion of it in alcoholj added to the solution a little eaostic 
ammonia, and afterwards an alcoholic solution nitrate of nlver. The white salt 
which fell was collected on the filter, washed with cold alcohol, and afterwards dried 
at 300". It inelt>- at a low temperature in the alcohol it retains, and is obtained in 
th( form of a dark red porous mass. By a careful regulation of the heat, however, 
it muy be dried without undergoing fusion. 

5-177 grains, bnmed in the wSir, gave Oi»33 of m^alHe sihrer = 17*829 per cent. 

4-^ grains gave 0*79 = 17*94 per cmt. of silver, or 19*26 of oxide of rilver. 

11*633 grains gave with oxide of copper C s 36'87« and H s 8*69. 
These results ^ve for the composition of the sidt 



('29.) In equiralents. 
Carbon = 03-87 = 40 

Hydrogen =: 8-30 =31*8 

Oxygen « 8*57 = 4*1 

Oxide of silver = 19-36 = 0-6 

100 



in akuliol, is not without intercet in a research into the geneml ronstitwtion of the resin*. !^ --li'i"," thr^f 
with all our precautions, small differences will occur from circumstances not yet understooil, uiiU that in uur 
•deetionof albmtiktoii^feMBttlieeoiiBtibitim^ weoag^ttoaUswaaabyy toinftwnee «b 

in some degree where the result" of analysis are not <-ufficiently numerous unJ coiu Drdunt uncquivocully to 
settle the question. To this point I shall have occaaioa to revert in a future paper on the constitution of ccr- 
tuB oihcr miiw. 
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Tlie iTtin in this salt is evidently C^n 11,, O^, or in combining with the Rilver by 
tins method of preparation it undergoes no change. There is present a considerable 
excess (one-sixth of the whole) of silver, probably from an admixture of a less acid salt. 

After the separation of the salt thrown down as above, nitrate of silver was still 
added aa long as a precipitate fell. This second predpitate was collected and di- 
gested in boiling alcohol. A transparent slightly brownish solution was obtidned, 
froin which on oooltng a white compound fell, but at the same time a considerable 
portion of a dark bro\m resin or resinous salt was precipitated on the sides and bot- 
tom of the retort in which the solutioa was effected. The white precipitate was coL- 
lected and dried at 300° Fahk. 

4- 16" grains left 0*64 of metallic silver = 15*36 per cent., or IG 49G of oxide of silver. 

A. 1 1975 grains, burned with oxide of copper, gave C = 2b 02, and H = yi95. 

B. 8-67 grains gave ii — 6 /03, the carbonic acid being lost. 

The salt ibatiam consists of 

A. (no.) B. S(CwHMn,-) -H AgOgim 

Carbon = 66086 66 7i> 

Hydrogen = 8530 859 846 

Oxide o^ silver = 16*496 15*88 

Oxygen = 8*888 8*87 



100 100 
The bisalt of oxide of sihrer therefore, prepared withont large excess of mnmonia, 
is not decomposed by solution in pare alcohol, the change produced npon it and upon 

the resin in the former experiment being due either to the excess of ammonia or to 
the long Ijoiling. Still thou;;h the salt obtained in this instance contained the un- 
changed resin A, yet when the alroliolic solution from wliich the precipitates were 
originally thrown down, wai» concentrated by cUstillation, there fell, on allowing the 
solution to cool, first, a portion of a white precipitate, and afterwards, on still further 
concentration, a quantity of a dark coloured reslo, closely resemUing the C^g H^^ O3, 
abo7e described and analysed. It appears therefore to be easily reproducible, though 
the circumstances vecessary to its production require further investigadoo. 

In regard to the hydrogen contained in this salt, the analy.sis seems to indicate 
thirty-one equivalents, wliich docs not agree with the change untlergone by the resin 
in combining with the oxide of lead. It is not impossibh*, h(jwcver, that the true for- 
mula for the salt may be AgO -f {L\q Hj^ O4) H31 O^), which wonid give 8 34 
per cent, of hydrogen, a quantity not differing from 8*53 found by analysis, mture 
than the ordmary results of experiment do from the calculated results: but upon, 
this subject I woold not be understood to express a dedded opinion until it has un- 
dergone further examination*. 

* In lUl these aniilj*8C8 the mcthrxl of Libdio has been adopted, with the u»cof the cork; there •efm?, how- 
erer, much weight id the observatioa of Bsjusuoa, that where the number of atoms of hydrogen is great this 
■ediod may lead to «iiw. VUteadaaveadtnaygiveoat^ftlNifteay dryomni^atooiib] 

S3 
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VII. Insoluble He.s 'm of ^/^M^^V (Resin B ). Wlien crude mastic resin is digested in 
cold alcohol a variable quantity reuiains undiiasolved. This portion is soft, tenacious, 
and elastic like tnrd-limej of a ulky lustre, and may be boiled in alcohol without 
sentible diminution, yfhea. boiled in water it becomes barder and less elastic ; but 
when deprived of water by drying at 300'' Fahr., at which temperature it is in a 
scmifused state, it may be drawn out into long fibres* and even when cold it is tough 
and has some of the elasticify of caoutchouc. 

1. Burned in the open air it left a smi\\\ gray residue of carbonate of lime, beio^ 
earthy matter mixed with tlie natural re^^in. 

(i-.'i.'iH grains lelt U 06 = 0'945 per cent. 

2. Burned with oxide of copper after drying at 300 Fahb. 

A. 13'863 grains gave C = 88*684, and H s 13^. 

B. 11*605 grains gave C = 3473, and H = 11-395. 

These results, allowing for the small quantity of foreign matter present (0*954 per 
cent.), arc equivalent to 

(31.) (32.) 
Carbon ' = 83-888 = 88*569 

Hydrogen = 1 1 027 = 11 013 

Qitygen as 6-160= 6-398 

100 100 

The formula which approaches nearest to these results is I^i O^, giving 

40 Carbon » 3057*480 a 83 613 
31 Hydrogens 399-347 « lO-oaO 
2 0]cygen = 900*000 s 5-467 

dodo-sa? 100 

The slight excess of carbon in the first analysis is probably due to some accidoutai 
canse. It may hare been firom a greater admixtnre of fordgn matter in the one 
portion than in the other, that the small diHerenoe has arisen. 

When this restn is exposed to a higher temperature it swells, gives off the odour 
of naphtha (?), and the porous mass, when cold. '^-^ no Inn<^er soft but brittle. Ana- 
Iv-jim} in this state it gave the formula (C^o ^Vn ^^i)- ^^'^ ^ "^''^^ ascertain how much 
furei|;u matter this specimen contained, and the coincidence of the result with this 
formula may be accidental. 

This redn does not senribly dissolve in a solntion of caustic potash, it is, therefore, 
most probably not an acid rerin. 

VIIL Qmckuiou s In regard to the resin of mastic, it therefore appears, from 
the precedmg lamination. 
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1 . That it consists of two resins represeated respectively by the formulie (aoalyses 
4, 7, 8, and 31, 32). 

The soluble, or r<i5in A. by C^o ^hi ^4 ^" ^^^^^ resin. 
The insoluble, or resin B. by C40 H„ not an acid. 

2. That even when considerable care is taken, a series of analyses may be obtained 
which do not indicate the true constitution of a resin (see analyses 1, 2, 3.). 

9. That when exposed to the prolongedactiMi of a temperatnre enoeeding SOO" Fahr., 
resin A. of mastic, among other ebaaget, seems to he partly altered into a resin con- 
taining three, and into one containing five of oxygen, being constant (aimlyaes 6, 
and 1 1 .)* These renns are probably represented by 

A s C|o H32 O3, very soluble in alcohol. 
B s C40 H91 Oj, sparingly soluble in alcohol. 

4. That it combines with bases forming four series of salts* which in the case of 
oxide of lead ccMisUt of (see analyses 14, 15, 16, 17-), 

1. Two equivalents of resin and one of oxide. 

2. Three equivalents of resin and two of oxide. 

3. One equivalent of vt'^'m and one of oxide. 

4. One equivalent of resin and two of oxide.* 

5. Tliat ia couibiiiing with bases, resin A. does not part with any of its oxygen, 
bnt that if any change take place in its constitation it is in the hydrogen being re- 
placed by an eqaivalcnt proportion of a metal (analyses 19, 21, 23, 28, 24, 25, and 30.). 
The salts of lead would on this view be represented by 

1. C40 H31 O4 + Qm Hjg Pb| Oi, a. C«o Hat Pb| O,. 

2. C4, H,, O4 + 2 (Ca H» Fbi O^). 4. C«H»Pb^O«. 

I regret to be obliged to leave this interesting part of the subject in an undeter- 
mined state, but it will require many often repeated analyses to determine whether 

this law be genet-ally obeyed by the resins in their comUnations with bases. 

6. That resin A. l>y boiling in contact with ammonia and nitrate of siivt-r, or per- 
haps with nitrate of ammonia-f-, is changed into a resin, rcprescuttd, \v\\vn unroin- 
bined, by C^^ lly, O,. Tins resin forms a ii'salt with oxide of silver, in which ttiere 

• A notation fur t!ic n. «In* Is very ilcHirubli-. If the initinl lett<>r of the name be adopted, and r be put (n cr 
it to denote retiin, and a, b, be subjoined to distinguish the acrcrol resios coataioed in one natund product, a 
Miiatiioii'wauU ba iHMaanA tmtBj iateUigiblej ooovTiiif Utde apaoer and whicli TOddiMMfcie vidi no adier 

dMiniealiiatatteioyctiidoplcd, Thaw the two rtmn of MMticiwiildbe w in wM i te i by M, M. and the m3t» 

of Icwl Simad br Km A. by n 9 n 4- S M. i% M. !2 Fb + 

I Since the above wan transmitted to the RovrI Society I have tried the fffcct of boiling; resin A. with ni- 
trate of aounouia. Solutions of thi^ salt and of resin A. were mixed and repeatedly diatiHed, with fresh additiona 
afaloalioL Tin mia became duker in aotoiir.iiidmiidiBoraaiiiiibk After 
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is also an apparent replacement of hydrogen by stiver*^ the resiu in this salt {VMOif 
lyses 24 and 25) being represented by C^^ H^g Oy 



II. Reanijf Drt^ioiCg Skod, 

m 

TVo vftrietiM of drag<m*i blood are oomauHi in thia oounUy ; one in Vsm^ stalki or 
qoUls iDcloaed in a kftfj or reed, and presenting tbe appearance of having been 
•oftmed by heat previoos to IwiBg rolled into thia form i the other in Innpe of con- 
Mderable size, less compact, and mhced with a large quantity of v^etal^ and other 

foreign matter. 

] . The purer variety in quills gave, on digestion in alcohol, and evaporation of the 
solution on the water bath, a resia almost black by reflected light, translucent, in 
thin fragments, and of a bright red by transmitted light, and in powder «^ a daik 
red Gcdonr. In prepatiog these resins it ts difficult to determine at what temperatare 
the whole of the alcohol or etlier is driven off, and when the frothingnp isdne to tlie 
decomposition or disengagement of volatile matter from the resin itself. This is 
espe cially the (?ase in regard to such as, like the present, melt at a low temperature. 
Ii till' huluii II in alcohol or ether be evaporated at 180° Fahr. till it Hows smooth 
and ceases to ( haiige in consistency, it will be found still to truth up and give off va- 
pours having a peculiar, at first agreeable, afterwards astringent (?)'f- odour, if the 
heat be raised to 21 2°. That a change of composition ensaes from a greater increase 
of temperature appears from tbe following analyses. 

A. A portion of the solution in alcohol was evaporated and heated for a short time 
at 212° Fahr. I TS grains gave C = 2il 43, and 11 = 6 084 grains. 

H. A seLoiitl portion was evaporated at 212^, and afterwards raised for a few mi- 
nutes to 220- Fahr. IMti grains gave C = 29 04, and 11 = 6-135 grains. 

C. The same heated to 28<f Fahr. frothed up, emitting vapours having an astrin' 
gent alcoholic odour, accompanied with considerable pungency. It was still entirely 
soluble in alcohol. 



boiling in water and drying at 300** Fauk.» 10-04 grain* gave C = 28-89, and H = 9'44d grains, or per cent. 

Oxyg«n = 9-98 J 

comparing tliia result with analyses 4, 7, lad 8, it will be lecn that neaio bwl umdeiiaiie no diwigc in 
ooaqwntioii, Iwt wo itDl H,| 0,. 
« lftbere»inbeC«Ii„0i.1im(C«|H„OJ + (C«HmO,) + Ag O vooM wtialMtoRlr eKmgh 

with analyse s 24 and 25, 

t i vcntare to use ttiia term. a» it, more nearly than any correct one, describes the seiuwtioD. 
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12-42 graiQfi gave C = 32*965, and H = 6*94 grains. 
These resuHa are equivalent to 

At 212°. At 220°. At280». 

Carbon = 73'016 71*887 73'4SS 

Hjdrc!geiiG= 5-982 cms 6-2oa 

Oxygen = 22003 22006 20-3&7 

100 100 100 

Had the resnlts coatained in the fint and sec«md oolnauti l>een oi)tained from 
the wme specimen, we might have oonduded that up to 220° Fahr. no sensible de- 
composition takes place. As however these results, thouf^^h tlicy approximate to the 
formula C,o H^a O9, are yet not am/ntfelt/ represented by any tornmla ia which the 
carbon is expressed by C40, I tbou^jht it necessary to analyse the resin prepared by 
evaporating a solution at a temperature never exceeding 180° Fahr. 

3. For this pnrpose I toolc the common dragon^s blood in lumps, and digested two 
separate parens in aleohd and ether,and filtered and eiapOFAledtiie solutions in broad 
shallow dislies. The rerfn thus oivtaiDcd was kept for twelve hours in a stove, tlie 
temperature of which ^ras g^enerally considerably under 180- Fahr. At thi'? tompcr- 
atare tisc rr^^in from the ethereal solution was to the last softer, and contained more 
air-bubbics than that from the alcohol. Doth were of a briibaui red colour, con- 
tracted and eracked in every direction on cooling, and in fragments were exceeding 
electrical. 

A. Of that from alcohol i0>35 grains gave C = 37*523, and H = 6*96 grains. 

B. Of that from ether 11*05 grdns gave C = 31*177> and H = 0*987 grains. 
These are equd to 

A. B. 
Carbon = 74-247 = 73998 

Hydrogens: 6*460 s 6*663 

Oicygen = 19*303 s 19*339 

100 100 
These remits agree very nearly with Uie tmnala C40 H^i Qg, which gives 
40 Carbon = 3057*480 — 74*318 
31 Hydrogen s 363*091 = 6*863 
8 Oxygen s 600*000 « 10'430 

4119*571 100 

3. The close accordance of these results irith a fbnnola containing eight of oxygen, 
Indaced me to retnm to the reed dragon's blood, with the view of ascertaining whether 
the two varieties were really unlike in oonatitntion, or whether the differences ob- 
tained 1^ analysia might not result firom the mode in which the resin was extracted. 



u\.jn\^cc by Google 



136 UK. J0HN8T0M ON THE CONSTITUTION OF THE EBSINS. 

■ « 

or the greater or less quantity of the aolveat (alcohol or etiier) they were permitted ' 
to retain. A portion of it therefore was digested in ether^ and the solution enqto- 
rated. 

A. Evaporated and kept for twelve hoars at 160° Fahb.« 12*31 grains gave 
C = 32 006, and H = 6757. 

B. Kept for twelve hoars at 190° FAna., 11' 12 grains gave C = 29 363, and 

H = 6-195. 

C. Of another portion ovaporated at 21*2°, and kept at this temperature for six 
Lours, 11-97 grains gave C = 31-085, and H = 0-44. 

These results are equivalent to 

A. B. C. 

Carbon = 73'240 = 73-513 = 73-193 

Hydrogen » 6*099 ss 6*190 ss 5-97B 

Oigrgen s 20*661 = 20*298 = 20*829 

too 100 100 

By this prolonged heating of the resin obtained fixim the pipe orrertf dragon's 
blood (as it is cdled in commerce), by means of ether, it is made to approximate 
nearer in constitution to the resin from the lump dragon's blood than that which was 
first analysed. Still there is a deficiency of nearly one per cent, in the carbon, and a 
considerable deficiency also in the hydrogen, compared with what is required by the 
formula C^g H^i 0« as above given, and which is indicated by the analysis of the 
lump resin. 

What is the cause of the diflTerence, then, and wideh of the series of analyses is to 
be considered as representing the tme constitntion of the pore rsnn } I place most 
confidence in the series (3.), for these reasons : the lamp resin is mixed with 
.seeds and fragments of vegetable matter, and is therefore most probafily the resin as 
it exudes from the tree : second, the results of the analy.sis of this variety give an exact 
formula analogous to those by which so many other resins are represente<l, and of 
which the constant €4^, is a member ; and third, tlie reed dragon's blood, from its 
poi obity, its freedom from fordgn snbstances, and Its varying oolour (lirom a bright 
red to a dir^ brown), is evidently a manufactured article, the constitntion of which 
therefore is not to be depended upon. Since I have been led to this conclnsion, I 
have learned that a third variety of dragon's blood is brought to the market under 
the name strained. Now to be strained the natural resin must !)c made very fluid, 
and can hardly fail to be more or less deeomposed by the temperature neces.sary to 
produce the complete fusion. The reed variety is probably only the strained, made 
white soft into small rolls and wrapped up. 

ClBficAMMii«.--The following therofore seem to be the condnsions to which the 
above experiments lead. 
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1. That the lonp dragon*! blood is the natoral and pore rmla, the fltrained and 
reed "varietice bdng inanofBctared artidn, and more oi* lees decomposed. 

2. That this resin retains alcohol and ether, as most other resins do, with consi- 
derable obstinacy, but that these solvents may be entirely expelled by a long-conti- 
nued (ten or twt-lve hours) exposure to a temperature not higher than 200° Fahr. 

3. That wlieu thus perfectly dried it is represented experimentally by the formula 
Hjj Og. 

The two former of these results are of ooostderable practical tmpOTtanoe in an 
Inquify into the constitntion of the resins. SeTeml of those resins which are of the 

greatest value in a commercial point of vievr, are said to be subjected to pro- 
cesses of manufacture, by the native collector';, before they are brought into the 
market; it is therefore of consequence to ascertuia that the substance is procured in 
its unaltered state before it is subjected to analysis. I shall have occanon, in a sub- 
sequent part of this inquiry, to mention several resins, the alteration of which by ma- 
nulaeture or adnltecation has caused me much loss of time, and, in some cases, pre- 
vented me from obtaining a ibmrala on which much reliance is to be placed. 

In regard a^in to the total expulsion of the alcohol or ether, so necessary as sol- 
vents of this class of substances, if we evaporate the resins in mass, and heat till all 
the alcohol is driven off, we may often produce decomposition before our purpose 
is accomplished. It k therefore of great importance to have learned, that long ex- 
posure of a thin 61m of the resin to a low temperature will folly deprive it of thoee 
volatile liquids. 

Durham, March 12, 1889. 



HOCCCXXZIX. 



uiyui^cj by Google 



X. On the Male Organs of some of the Cartil-aginous Fishes, JoHN DaVY, M,I}' 
F.R.S., AsmtcaU Inspector of Amy IJospitats. 

lUoaiwd December 27, 183S,— Read March 7, 1889. 

In a paper on the Torpedo, which was published in the Philosophical TranBactioos 
for 1834, 1 have briefly described the male generative organs of this fish as consisting 
of two firm oval festes, dram defiwentia without Teaiculae ieiniiiBlM» and of a papilla 
opening into the doaca, the common terminadon of the aemind and oiinaiy pn8> 
■ages. 

Referring to Dr. Miillbr's able wmk, '*De glandularuin secernentium structura 
penitiori," in which he treats of the testes of the Rays and Sharks, I find that his de- 
scriptions and views of these orgnns are not in accordance with the above. His 
words are, " Maximesiiiguluns cstgenitahum mascului uui in llajis et Squalis eonfor- 
matio ; nmt enim organa glandolosa duplicls generis, altera, qiue bncnsque tanquam 
tceliculi deseripta sant, ex. globnlis, non vero ex dnclibaa eeminaUbm conAata, alterai 
pleramque pro cpididymidibus haUta^ exoanalibos serpentinis composita, sed nunime 
cum testiculis globukwis ooi^jancta; qoare non epididymides sed glandolaa propiiaa 
esse conjicio*." 

He adds, " Organutn alterum recte ab 111. Cuvibro jam descriptum est. Dicit enim 
CuviEBUS, * lis sont grands, along^s, quoique larges et plats et s'^tendent sous I'^plne 
an^dessus da canal intestinal et de restomac. Leur plus grande partte est mra ag- 
glomeration de talwrdes de la groasem: d*mi pois, press^ les am contre lea autres* et 
prSsentant eliacttn tm petite enfoncemcnt au milieu de leur face externe. lis tiennent 
ensemble par des filaments tr^s-forts, et par la membrane extr^mement delicate, qui 
les enveloppe, et ne paroissent composes que d'nn grand nombre de petits grains 
ronds tr^ fins. L'autre partie de ces testicnles sluguliers est foriu^u d une substance 
glandnkuBe hcmog^ne, qui en occupe cn arri^re, la portion la fdns nunoe, et a'^tend . 
sons tonte la fiioe inflSriettre de la portion tnbercnlease^.*'* 

After alluding to the similar olraervations of Treviranus on the same organs in the 
Squalus acanthias, and menticHiing in confirmation those which he himself had made 
on the Ray, he comes to the conclusion tfiat the hodies which hitherto in these fishes 
had been railed epididymides, having^ no connexion with the testes, at least yet dis- 
covered, ure glandfi of a peculiar kind ; and be conjectures, (stating, however, that it 
requires confirmation,) that the globular organs are the true te^s, and that the sper- 
matic fimd secreted by them, as in the instance of the Petromyzon and the Ed, instead 

* Opoi dt., p. IQS. t LefO»d*ABrt.CoBpbtaB.T.pLl7. 

tS 
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of fUnmag throQgli aa appropriate canal, may bncHt into the camty of the abdomen, 

and be discharged by tbe abdominal apertures*. 

Such high authority necessarily led me to doubt the correctness of my own obser- 
vations, and to form the wish to repeat and extend them. This I have been able to 
uccuiiiplish ; and I now propose to myself the honour of submitting the results to the 
Royal iiociety. 

1. Of the Male Q^mt of the Torpedo. 

Two good specimens of Torpedo, from tbe Mediterranean, of middle tUxe, one an 
Oculata (T, oaUata), the other aTremola (7. £veniador)t bdongfa^ to the Mmenm 
of Natural History at Fort Pitt, have enabled me to iiutitate a care&d examination 
of the Offana in question of these fishes. Tbe result has accorded perfectly with my 
first observations made at Malta on the same species in the fresh state. 

The testes appeared as I have briefly described them, both in relation to form, 
situation, and consistence. They exhibited indistinctly tbe globular structure de- 
scribed by Baron Cmnaa in the passage quoted. In neitlier instance oonld I discover 
any traces of the supplementary or attached soft glandular structure noticed by Cv- 
▼isa. Hie epididymides [the parts commonly so called] were comparatively kurge 
and distinctly tubular, terminating inferiorly in large tortaOQS vasa deferentia, wlUeh 
proceeded to the papilla or rudimentary penis within thcvprg^ of the anus, and supe- 
riorly were connected with tbe testes by a small number of vasa efierentio, applying 
tbe term hypothetically. 

To this connexion, of course, my attention was particularly directed. Tbe appear- 
ances were very satisfhctory $ small tubes or ducts could be clearly seen, passing from 
one to the other, and entering into tbe body of each. They were made perfectly ap- 
parent by means of minute disseciion under water, and the immersion of the organs 
in dilute stdphurons acid, which has a property extremely useful in researches on 
minute structure, of imparting transparency to cellular tissue and serous membranes, 
and of expanding at the same time tubular and vascular parts. 

* The foDMAlg is th« passage st length. " Jam vero nunc sftdnHi andgb i^ididymidem sic dictam, cujus 
conjuDCtioncm con testkuUi nemo bactenus vidit, omnes potius tupporaerc, ne vero glanduLun proprti ^i iutui 
esse. QiMcritur nmic, otnim mguionim tettieuliH mt, ac, si semea in globuloeo testicob paratur, quomodo 
Mnm cseerMtnr. Powat aliqnU Mmiaii Mcwliaiwm m atgno Man ex CMMlitet wipoaito poMfc. Bed 

organon glabulosum tarn pcculiare mafrnumqufi est, ut cum olio quopiam or^no compnniri nequeat. Turn vero 
meminimus structuram in An^uiUia et Petromyzonibus testiculonuu {^lobulosam, in quibua semen aoa per duc- 
tum propriuiB evddtor, ted, vti ova in abdaoMa dednena. per orifieiwB eimplex exeeiultiif. Qunw sun ctien 

i& B^b et Squalu semen cx globulis in cuvum abdominis propoltakC St ori£ciis illis erchatur, qua taia ill aui* 
colis quam fi-ni'inls SejuiJIs ct Rajis obvuniuut ? licet in fcminis or« proprio dnplici oviductu cvehantur, Hix; 
obaerrationes ultenores eviucere debenC. Inoertum etiam mauet, cujui natune sit secretin alteiius pcrmagnx 

sit. Certe liqnor glandulac copioaitalmua alius longo natune est ac teaticulorum globulo&orum et a j*— >^«>* 
ilU ipsa secemitur." He adds, " Itaqne veia epkiidjinis ia pitctbus aoa adcat." — Op. cit. p. 107. 
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2. Of the Male Organs <(f the Thomback {Rata clavata). 

On the 13tfaof October I had an opportunity, under very favourable cirenmstances^ 
of examining a male Thomback, of large size, shortly after being caught. This being 
the breedintr ^^cnson of this Ray, its grnerativo organs were fully developed, and every 
part 01 them was peculiarly distinct and large, — as the globular organs, considered 
by Prafewor Muuai m testes; their soft milt-like appendage, attached to iSbmr 
infefior extremity, and partially bordering their inner mai^; the mafldive epidi- 
dymideB, conjectured by PTOifeiSOr MouiBR to be glands of a peculiar liind ; and 
the vasa deferentia, tortuous, of capacious dimensions, terminating in a kind of 
urethra, close to the ne* of the two sacs, which I believe perform the double fiino- 
tion of urinary bladder.^ mil <»[ vesiculre s^minales. 

The structure of the niiit-like appendages, of the globular testes, and of the epidi- 
ifymideB, was in accordance with Baron Curisa'e and Profieseor Muiiua*s description 
of them. In ndther of the two former could I observe any appearance of tubular 
structure, which was very strongly marked io the last. 

As in the instance of the Torpedo, I made careful search after a connexion between 
the testes and epididymides : and using nearly tlie same means, I was able to satisfy 
myself that such a connexion exists, and in the same situation, namely, between the 
superior extremities of the tvo parts, where the space separating them is inconsider- 
able. The tubes of connexion, however, were smaller, and more difficult of demon- 
stration than the analogous ones of the Torpedo. 

As the vasa deferentia were distended with a cream-like fluid, which hud very much 
the appearance of the spermatic fluid, it appeared prohablf that some satisfactory evi- 
dence might be obtained by instituting an examination of the contents of the different 
parts; and that it would be best effected by uieauii of the microscope. The instru- 
ment I used wu one vt Mr. Roes's construction, provided widi an aohrmnatic object 
glass of one^bth of an inch focal distance. 

Pint, the fluid ctmtained in the sacs, which I suppose to perform the double fnno- 
tion of nrinary bladders and of vesiculse seminales, was submitted to examination. 
It wac of the appearance and nearly of the consistence of cream. Under the micro- 
scope it was found to abound in animalcules in active motion, mixed with globules 
of different sizes. They were best seen when the Ihiid was diluted with a solution of 
common nit. The ammalenka were proportionally of great length, not unlike por^ 
tioDB of fine hair ; one extremis was of extreme fineness and seen with dittcnl^. 
Tbdr motion was serpentine and vibratory, and of great vdodty when most active, 
especially that of the taperin:: part ; and their progre<;<;ive mOtlon waS unquestionable, 
the effect of their own powers, independent of currents. 

Next, the fluid from the vas deferens was examined, taken from its coiiunenceaieut, 
just after leaving the body of the epididynus. Its appearance to the naked eye, and 
its obaracter under the microscope, were very similar to those of the preceding. It 
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abounded in tbe ume animalcnle^ alio in active motion, many of tliem grouped 

together in bundlefl, and which ao jdned aide by side acted together, the tigering 
part, in which the appMttimatioa was greatest, moving with great velod^ in a vibia^ 

tory manner. 

Lastly, I examined tbe fluid yielded by the globular testis, procured by making an 
incision into its substance, and gently scraping the cut surfoce. Tbe small quantity 
of fluid tbt» obtained waa opaqne, bat not ao tbiclc aa tbe last. Under tlie nueroaoope 
it was found to contain animalcules similar to tbe preceding, and in motion« but 1ms 
numerous, and not grouped, intermixed with small globalar masses of an obaenra 
gnmuhur and radiated structure. 

3. Of the Male Organs of the convnon Skatt {Raia bath). 

On the 8th of November, under tbe same favourable circumstances as tbe pre- 
ceding, I examined a male fisb of the above species, in which the generative organs 
were fblly devdoped, and as tar as I could observe generally, were in no respects ct> 
sentially difTerent from those of the Thombadk. 

In this instance, for tbe sake of as much accuracy as possible, I began with an in- 
spection of the fluids likely to throw light on the functions of the generative organs. 

The fluid first snl)jected to the microscope was some contained in the cavity of the 
al>domen, trantiparcnt, with a small opaque sediment. It was found to contain glo- 
' bules of ^ftrent dies, tlie largest less than common pus-globules, and a few ellip> 
tical blood particles, without any animaknles. 

ITie fluid noct collected was that contained in the urinary bladders. It was nearly 
colourless and limpid. Under the microficope many small globules were visible in 
it, about one half the size of pus-globules, and a few animalcules, resembling those 
of the Thornback, and yet not precisely similar. 

On pressing tbe vasa deferentia, where they pass on tbe inner side of cuch urxuiiry 
bladder, a cream-like fltdd was tUscharged into the cloaca through tiie papilla, tbe 
termination of tbe urinary, and, as I believe, seminal duds. This fluid under the 
microscope was found to abound in animalcules, mixed witb a few globukf^ both 
nmilar to those last mentioned ; the former in active motion. 

Next, the vas deferens waa opened into befotT it passes behind the urinary bladder, 
and some fluid was obtained from it, not inconsiderable in quantity, and of the colour 
nearly and consistence of cream. Under tbe microscope it was found to abound in 
animalcules of a thread-like form, having one extremity excessively fine, vcr> active 
in movement ; thdr motion vibratory, as well as progressive t in every respeet dosely 
resembling those of tbe Tbombadc ; and like them, owing to their vast number and 
bcin^ intermixed witb many (^nlei^ to be seen distinctly the fluid required to be 
diluted. 

The globular tcjitis was next cut into ; a portion of it vi as removed by a horizontal 
incision. It abounded in fluid, more liquid than that of tbe vas deferens, and less 
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opaque. Under the microscope many animalcules were seen in it, precisely similar to 
those of the vas deferens, Irat not in motifm, M if dead t and miaed with them were 
many globiiles of dlflbwnt dies, the hirgeat about the bim of piu.globales, a few bhwd 
florpnacles, and MNue Unginenhi of inre^lar form. 

Lastly, an incision was made into the lower non-globular milt-like part, bordering 
the globular testis. It abounded in thick opaque fluiM , of which a sufficient quantity 
was rollected for examination by prritle ]»[( s^m e. ( jmier the microscope it was found 
tu contain a large number of globules at about the sizu and general appearance of pus 
globole*, a Aw yety mndi inniler, and a few aainialciilei, kn distinctly formed tban 
those in the giobular portion and In tbe tbs deferens, but cleaily of the like Icind. 

The anatomical enminatioo of the oi^gans was next entered on. I have stated that 
at first view they appeared generally not to differ from those of the Thomback ; a 
minute inspection confirmed this. A tubuhir connexion was found between the head 
of each testis and epididymis, not admitting of doubt ; tbe tubuii were traced from 
the globular substance into the mass of the epididymis. 

On the 24tb of November another fish of tliis qpedes was proenred, in whlob also 
tbe male organs were in a very fevonrable state fer examination, and which were ex- 
' amined with great care, having in view the doubtful points. No fluid in this instance 
was contained in the abdominal cavity ; not a single drop could be collected. 

As tbe globular and the milt-like testes, both of this Ray and of the Thomback, 
are connected with the epididymides by a delicate peritoneal covering, leaving a 
oavity en mA side of tbe spine between the testis and epididymis, wbldi descends 
dose to the bladder, it oocnrred to me as posdUe, allbougb not probable, tbat this 
canty might be a channel between the respective testes and the cloaca. To endeavour 
to determine this, a small opening was made into tbe cavity, and it was forcibly dis- 
tended with air by means of the blow-pipe, but no orifice ioferiorly could be detected; 
the air was conipietely confined. 

This done, tbe fluid contents of the diflerent parts were subjected to microscopical 
examination in tbe feUowing order} firsts tbat of the urinary bladders; secondly, 
tbat of the miltJike testis s tfalfdiy, tbat of the globular testis j and lastly, that cf 
the vas deferens. The results in part were somewhat different. The fluid contained 
in the two uHnnry bladdei-*? sunountKl to four-fifths of a ciihio inch ; like the former 
it was colourless and transparent, with a very slight sediment. It contained a few 
globules, but no auimalcules. The milt-like part of the testis yielded but little fluid; 
a minute quantity of it, collected by scraping gently an in<^ed sur&ee, exhibited 
nnder tbe microscope no animalcules, but many well-defined globular particles of 
dlffbrent dses, commonly smaller than pns-globule^ and a few blood-corpuscles. 
Tbe globular portion of the testis abounded in fluid of a creamy appearance, containing 
manv aniniali ules mixed with j^lobnlar p;irt!ele« ; the former precisely similar to those 
observed in the first instance, and like them motionless. The fluid of the vasa defe- 
rentia, which flowed out on opening into them, amounted to seven-tenths of a cubic 
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inch. It had tbe leine duuacter as that procured from tboae oanab in the other 
spedmen* and aboonded in aniaialcales in every respect sinular, and like them in 

active motion. 

The anatomical examination, too, in this instance aflTordcd a result precisely similai- 
to the preceding ; a connexion by means ol tubuli was discovered between the bead 
of each testis and epididymis, and nowhere else, after very careful search. Tbe whole 
of the generative organs, with the urinaiy aseoctated with them^ were removed entire^ 
and were immediately examined nnder spirit of wine. 

4. Of the Male Orgam of Sn/llium Edwardii. 

This is the only species of Shark, the male organ'; (tf which recently I have had an 
opportunity of examining; it was brought by Dr. Anukkw Smith from the Cape of 
Good Hope ; and to tliis gentleman I aiu indebted fur permission to inspect it. The 
parts were not in tite best condition; they had suffered from keeping, especially the 
testes. Hie epididymides were lai^ % as were also the vasa deferentia, which ternu- 
nated, as in the foregoing instances of the rays, in a kind of nrethra, connecting the 
urinary bladders witli the cloaca. 

Having found that the spermatic animalcules of the Mammalia are but little liable 
to change, that they may be detected even in putrescent fluids, and may be kept for a 
long time in spirit of viae, I thought it worth while to examine with tbe microscope 
any fluid that might be foond in the vasa defefcntia of this Scylliam. A little tnrbid 
fluid mixed with gronous matter was procured by laying them open, in which, when 
diluted, animalcules were distinctly seen, resembling much those of the Rays. 

This result induced me to try the contents of the testes and vasa deferentia of the 
Torpedo. Th*' evpcriinent \vi\& made with two fishes, varieties of the Tremola, rather 
below tiie nuildle size, which I had sent home from Malta, now more than four years 
ago preserved iu spirits. The va.sa deferentia of both were large; and when opened 
afforded pretty much opaque, white, semifluid matter. WfaendKluted with water and 
placed under the microscope, animalenles were dkttinctly visible in it; thread-Bke, 
serpentine, finely tapering towards one extremity, very similar to those of the common 
Ray and Thomback, but decidedly smaller; and animalcules of precisely the same 
kind, but less numerous, were detected in the seniitluid opaque matter obtained in 
minute (juantity by scraping gently the cut surface of the testes. The animalcules in 
the testes and vasa deferentia of both specimens offered no perceptible ditfei'ence. 

5. Of the Jcceuor^ Mde (hgmu. 

Before entering on the inferences to be drawn from the foregoing observations re- 
lative to the functions of the different parts constituting the male organs which are 
contained within tlie abdominal cavity, I wouh! w ish to offer a few remarks on tlie 
external accessory organs, which have commonly been considered auxiliary to the 
more important internal ones. 
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They are the anal appendages, the characteristic of the male cartilas:inoiiR fishes, 
organs of complicated and curious structure, the use of which even at present is far 
from being miderstood. 

The Torpedo, the common Ray, and the Thombadc ace the only species of Rays 
wliich I have yet carefully examined in relation to the organization of these parts. 
In each species tlicyare very similar, cons!stin>r of ai tictilated bones, nuiscles, mucous 
glands, niiicoiis ducts, &c., and containing a large and reinarkahle i^huul associated 
with an elaborate and complicated structure. On account of the lurgc size of the 
common Ray and its large anal appendages, and their full derelopmcnt, the gland 
and its accompaniments are seen in this fish to -great advantage. In two specimens 
of Ana koHt which I have examined, the gland was nearly the siae of a chestnut, of 
a very elongated oval form, divided on one side, as it were, into two columns by a 
furrow or depression, in which were two rows of delicate projecting' tnbuli, the extre- 
mities of its excretory ducts. Tlie snbstance of the gland was enveloj>ed in a muscular 
coat, and this was covered with a vascular tissue. The gland itself was contained in 
a sac composed of three coats, an inner fibrous coat, a middle muscnlar, and an 
outer cellular one $ and was surrounded with strong muscles, the principal fl^or anid 
extensor muscles of the organ*. 

Moreover, at the inferior extremity of the sac, just below its (Jiitlct, tljcre was a di- 
stinct cavity, formed of muscular walls and intersected by delicate tendinous fibres. 
Id one instance, when under examination, the fish was still irritable, its muscles acting 
when stimulated, and then this part pulsated r^ularly and vigorously. It contained 
blood : I bdieve it to l»e an auxiliuy heart, designed for circulating the blood in 
the appended organ. A similar structure exists in the same ntuation in the Thorn- 
back and Torpedo. 

In the sac of the gland a cream-like secretion was founH uk! the same flowed out 
pretty copiously through the excretory ducts when pressii: ' u is applied to the gland. 
It was neither acid nor alkaline ; it was slightly viscid ; applied to the tongue no sen- 
sation was immediately produced, perhaps there was an after mie approaching to 
acrid, but so sligbt as to be doubtful. Under the microscope it was found to abound 
in very minute, dense, spherical particles, twenty of which, at leasts would be required 
to form a ma<;s equal to a blood corpuscle of man. Tfaey bad no appearance of iade- 
pendent vitality, and moved only when in currents. 

Tiie blood iu the pulsating cavity, from which it is probable that the secretion just 
mentioned is formed, coagulated like ordinary blood on exposure to the air ; but it 
was more dilute; and, what is remarkable, under the microscope ita particles ap- 
peared to be smaller, and the migority of them not eliiptical but globular. 

* BliOca in his description of these organis dcacribea only two mnscles ; but there arc more, some cmuMCtiiig 
the organ with tlic i)t'Iv;s, other? nttached to t?ic principid bones, and others tn tlu: '■malkr liom -. which is, as 
might be expec^ted, ctinsidering Chat eleven bones and oims terminal cartilage enter into the composition of each 
orgaa. TUa aontelfttiDdudieiiutaiifieiif theTlnnibMk; BtM 
(Hilt. Nat dns Poinun, iii. «72.). 

MDCCCXXXIX. V 
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How the anal appeudages are constitated in Sharks I cannot apeak from my own 
obtervatkms, having yet enmiined chcae orgwu only in one instaaee, that of SqfUhm 
Eekaardii, before referred to. From the descriptions cS natumlists it may be idSerred, 
that tbey vary more or less in organization in different genera ; that in some, as pro- 
bably in the genus Carcharias, there is a distinct gland, secreting' an opaque fluid, 
similar to that of the Rays I have mentiorK il , but in others, as in the genus Scyllinm, 
the gland is wanting:, and its place is supplied by a sac, oue tor each organ, situated 
under the common mugument of the lower part of the abdomen, communicating by 
a narrow dong.iud passage with the q»paKlage*; and oontaining a slightly viscid 
fluid'l-, probably secreted by follicles situated between tlie fibnras inner coat and its 
outer muscular one. This structure I am informed by Dr. Anobiw Smith, who It 
would appear first observed it. occurs in every species of the genns ; and, as in one 
specimen, that of Si i/ffhtm Edwardii, the gland is not to be found (we carefully sought 
for it together)^ it is prubably deficient in the others. 

6. Cfmchdmg Remarh, 

As in the Torpedo, the common Bayi and the Thornback, a tubular oommunice- 

tion has been found to exist between the g1obn|ar testes, and the bodies hitherto 
called epididymides ; as tlic fluid in the former was found to be .similar to that of 
those canals, continuations of the epididymides, which have commonly been con- 
sidered as vasa defercntia ; as this fluid, in its entozoa, possesses the essential cha- 
racter of a spermatic fluid ; and, lastly, as it could not be detected free in the cavity 
of the abdomen, may it not be inferred, and is not the coocfaision unavoidable, that 
the old q>inloii respecting the functions of these different parts is correct, and in ao- 
eordance with the names which they have received ? 

The evidence on which this conclusion is founded is manifestly of two kinds ; one 
<inatomical, the other microscopical, connected with the constitution of the spermatic 
fluid. Preparations liave been made of the parts showing the tubular connexion, 
which are deposited in the collection of comparative anatomy belonging to the mu- 
seum at Fmrt Pitt 

RdaliTe to the evidence derived from Uie nature of the spermatie fluid, I apprs* 

bend, now, it will generally be admitted as satisfactory. I have examined the sper- 
matic fl\iid of many Kpecies of Mammalia, and tlie animalcules contained in it were 
in no instance more distinct than ffio'-e of ttiese fish; indeed in the latter they were 
perfectly so, and their character wch marked. They were immediately killed by spirit 
of wine ; they were torpid and motionless in a saturated solution of common salt ; 
they became active when the solution was diluted ; and in the unmixed flnid tbey 

* It oonuauokate* vith the outer surface of the appendage hy an opening close to the anal membrane, and 
alw irith tfae gcoow or tube «f tiw ofgaa. Old tbitt Willi ito iatar^ the out tftsiofk not em- 

tinuouB with the other as in the Rays, a space equal to about a quarter of an inch intecvOiMi. 

t Aoconling to Dr. Saun, the fluid ooatenti ue lik« TCiy dilute vMte of tgg. 
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ret^ned life for tiin» or ftm days after removal from the fish, until signs appeared of 
incipient pntreftctioii. 

It ifl trne'that Sir EniAio Horn, in tiie fifth Tolame of lus Lectmce on Compara- 
tive Anatomy, has denied that spermatio animalcules essentially belong to the prolific 
fluid, and was of opinion that they are a mere fiction of the iniiiil, because neitlicr he 
nor Mr. Bauer could detect them. His opinion at the pi-eseut lime, 1 apprehend, can 
have no weight, and it will be received only as a proof of the imperfection and fee- 
Uenen of tiie inftnment which be used, and serve as a waraiog, mueh as it is to be 
rqprettedj that no reiianoe Is to be fdaced on iris microaoopical obsemitions. 

The testes of the Torpedo are distin^oiBfaed from those of tiie Tboml>adc and com- 
mon Ray, by wanting that milt-Kke margin orappmdagc described by Baron Cuvibr. 
Should it be found wanting in all the viviparous species of cartilaginous fishes, its 
presence in the oviparous maybe considered as a link between them and the osseous 
oviparous fishes furnished with milts*. Perhaps in the milt-like part of the testes of 
the Ray and Thonrimdc, the ota of the spermatic animalcules are developed ; and, 
perhaps, in the globolar portion they grow and are matured. The microscopical 
ohservations described seem to be mtber in fitvonr of tliis idea. 

If ttic view which I have advocated of the functions of tiie testes and of the epidi- 
dynnides be received, the structure of the subordinate generative parts within the 
cavity of the abdomen, will. I believe, be found to be in perfect accordance, and to 
offer fresh evidence in favour of its correctness : 1 now iiiiude to the vasa deferentia 
and the part or parts inferiorly connected with them. 

The ytm deferentia in the three Rays which have been nottoed are dmilar, and 
well adapted both to oondnot and to hold in reserve such a fluid as tlie spermatic, for 
tliqr are comparadvidy and tortuous, and are provided with circular valvulse 
conniventes, forming a vast ntirnhpr of cells. Both in the Ray and Thomback, and 
in the Torpedo, they terminate in what maybe considered the urethra of a nidimentary 
penis, the end of which projects into the cloaca in the torm of a papilla. In the Tor> 
pedo, vldoh diiKsfS ftom the other two in having no nrimuy bhidder, the spermatic 
and arinaiy dncts terminate near the movtii of the papilla, by separate and very mi- 
nute orifices. In the Thomback and Bay, wliidi are possessed of two nrinary blad- 

* The spermatic fluid of Uie milt of the bony fishes bears some raemblaoce to the fluid of the milt- like por- 
tkaofOetwtctof titelfaqn. I hwe exaiuiMd it in die HeiriDB, Skadt. Cod. 

first it appeared minutely globular, and no filamentous prolongations were distinctly visible in the animalcules ; 
in tfie Kke a liiigto filament was seen attached to maaj at die ^bules, and in the Dab^ two. MM. Doiiaa 
■ad Pkavotratate tiwfc the spermatic animalenlea of all fhe friica they bad examiBed are fflamentoaa, and that 
flic filament or prolongalaoa bad pievionely escaped dbacmtioii on aceoont of its great tenuity ; an opinion I 
can readily adopt, as 1 rould perceive the prolongations of the animalcules of the DhL aiid Pike only in a very 
favourable light, and by means of vciy nice adjustmoit. What the spedes of fishes were examined by these 
geBncmenia not noticed; tiwirfeaiMk on Ilia entjeal U SMide IncidintBl^ in thdr ingeaioma uemoir on tlia 
spermatic animalcules of many of the Mrtchnta* nidi liia piai^at tO |^ flw detnli on a fatoia aocBiian 
(Ann. dee Soien. Nat. tom. i. and iL), 

u a 
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derSf these ducts tei miBate near the fundus of the short urethra, and close to the neck 
of each bladder, or its opening into the commoa passage*. These bladders appear 
to be somewhat analogoiii to the bifid bladder oi Frags and Toads, the latter connect- 
in; them with the simple urinary receptacle of the higher vertebrata. 

I have expressed the opinion that these organs may perform the double function of 
vesiculic scminales and of urinary bladders, partly from their situation and connexion, 
and partly from their eoiitents. I have mentioned, that in one instance, I touiui ia 
thcin ttoiiie spei'iuutic auiinulculcit, which may be considered equivalent to speruiatic 
fluid. The result of a chemical examination of one specimen of the fluid which was 
contained in them, amounting nearly to a cnbte inch, was ihvoarabte to its urinaiy 
character ; for besides afibrdtog a little saline matter, principally common salt, it 
yielded a little animal matter very analogous to urea, soluble in alcohol, uniting with 
nitric acid, and the compound erystallizable and soluhle. 

The nattire of the anal appendages and their functions, have from the earliest times 
uf uuturui hiiitury been more or less a subject of controversy. Aristotlb conbidered 
them as characteristic of, and peculiar to, the male cartihti^nous fishes. LoasNzmi 
erroneously denied that they are disdncUve marks of the sexes. Wiuodohby, Rav, 
Artbdi and Broussonbt considered them as organs of intromission, as penes. Ron- 
dell et opposed this notion, and oonsUlered them as holders, in which opinion he was 
followed by Bloch, who, I believe, was the first to flescribe them with tolerable ac- 
curacy and minHtencss-^. Recently, some naturalists appear to have adopted one 
conclusion, some the other. The majority favour the iiica of iiujcH, that tiiey are 
analogous, as he ingeniously endeayonred to prove, to arms or rather feet, and in- 
tended for seisnre and holding fitst. A small numlier, amongst whom M. ra Blain^ 
▼ILLS Is eminent, seem to have returned to the older notion that they are penes. 
Bix)CH*8 argument against their being penes, is founded on their structure, in his 
opinion totally unfit for their supposed office. Tho«p who maintain the opinion he 
opposes, lav stress on the appearance of the fluid secreted by tlie gland belonging' to 
each appendage, bo much resembling the spermatic fluid, and uu the analogy in cer- 
tain of the reptiles of a double ovidnct and double penis. 

Objections, it appears to me, are unavoidable to both these views. As regards the 
latter, it is highly improbable that there should be two sources of spermatic flmdt 
moreover, it lias appeared that the fluid of the appendages is without the character- 
istic quality of the spermatic fluid, containinL' no entozoa,and seeming to be of a pe- 
culiar kind. As regards BtocH's view, it seems improbable, were the appendages de- 

* DettMle probes puaed through the bladder, ureter, aad tm deferena of the commoa Raj and Thornback 
BM«tetfl)tbottanof the duct nretfan. oomnun to bedi aides; <lw opening* into it Be twJl and oontncted; 
the Tu defercaa ottoaeh aide temnnates in it by a profccting paptUa, having an oblique doeetion. I have oaN> 
fuUy aought for a termindrion of these ducts into the bladder itself, but in vain. 1 mention thi." jinrtirulnrl^, 
becanae a pa wage in the valaable Descriptive Catalogue of the Museum of the Royal College of Surgeuiu would 
^kum to aaptf mek a tofnioatioB (itoL iv. p. SI. No. 2894.). 

t Hirt.Nit.dtoPtoiiMQa.iiLp.679. miiHeOs^mnwrnwaitud to i^m^ 
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signed for pixibension, that they would be turnished with a gland copiously secreting 
a lubricating fluid : nor does their general etmctnre or situation appear to be appo- 
site for the purpose he imagines, espedally as he is of «^nkm tiiat the mdimentafy 
peds is applied in the act of impr^nating to the snrftoe of the cloaca, where the 

month of the oviducts or uterine cavities open. 

Reflecting on the subject and on the inadequacy of former hypotheses, it has oc- 
curred to nie as possible, that these organs may be desig-ned for intromission and 
retention like the peni!> of the Dog. On this ideU, the abundant secretion of the gland, 
as a lubricating fluid, wonhl be of manifest nse^ and the action of the different parts 
m%bt admit of eiqfilanation. And, as the nos connected with the appendages in 
cerCun of the SliarlEa open appropriatdy, they may be supposed to be designed for 
the same use*. In venturing to bring forward this conjecture, I beg to be understood, 
that I attnch no kind of importance to it. I am fully aware that it is liable to objec- 
tions. 1 fjhail be satisfietl should it lead to further inqairy, by which alone the true 
use of these mysterious organs can be determined. 

* After writing Uie above, on referring to Arutotlb, that gr»t and oariona ■torehouae aatanl history. 
I fnmd that a aiiiular idea had been entertained in hia tine, and that ttwiiww—*trfMtd t ah— dttqrlwd 

tritnewed the &Ct. •• «»■■.> rjni ^ nt^— » imwuylly .—taagbiA — »— umAt tmamm Imt iPjtjMMi 

MluBoe." Oe Hiit. Aaiul. L. e. T. 

Fktrt Pitt, Chatham, 

Dec. 22* mm. 
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XI. Ruettrcku m ike lyM^TmOk Series. On the Laws of Low Water at tht Fort 
qfPigmmak,midmaeFermmmi€jf^MeMff^ater. %#Aei2w.W. Whbwui^ 
B.D, FMJS,, Fdhwf^THuty Cblkge, CamkrSdge. 

ReedvBd April 11.— Read Jmu «. im. 

In former communications to the Sodely, the laws of high water at Plymouth and 
other places have been the subjpct of m}' researches. These being obtained, the laws 
of low water are a subject of imjioi tance and interest on many nccounts. The first 
ground of my pursuing this subject wa& the desire to ascertain how far the mean 
water, that is, the height midway between high and low water, is permanent during 
tbe changes which high and low water andetgo. That it is approximately so at Flj- 
mofotli, ind been ascertained both by Mr. Waubb and myself by meaafl of a oon- 
parison <rf a diort eeries of olMervations. Bat it was desirable to know with more 
exactness what was the real amount of this pennanency, when, by using a long series 
of observations of high and low water, the irrogularities arising from accident, and 
from taking imperfect cycles of inequalities, \vere eliminated. 

There was another reason which made this inquiry important at tbe present time. 
An operation has Iieen recently carried on by the direction and at tbe expense of the 
British Assoctation, with a view of ascertaining what snrfece ought to \m taken as 
the permanent level of the sea. A Level Line has been carried with great care and 
accuracy from the north shore of Somerset to the south shore of Devon ; and the po- 
sition of this line has been fixed, so as to be recognised at any future time, by means 
of marks* at Axmoutb, at Jfkii>t Quuutuckshead, at btoitord, and at Portishead. This 
line has abo been referred to tiie sea at its eztremilaesi and die observatioas show 
that the height of mean water coincides, at least very nearlyj at diflbreat phceSr as 
well as at tbe same place at different times. While the diflbrence of levels of low 
water at Axmoutb on the English Channel, and Wick Rocks on the Bristol Channel, 
is not less than twelve feet; tbe mean water at those two places coincides in level 
within a few inches. In order to determine further what accuracy may be attained 

* Hmm DMriOi, Mwl tbnr nt^itttam b^bts «bov« a oeiteiB aifaitmy levdi ue as foUowi: 

Height. 

Co|iper bolt in a granite block at Axmoutb 83' 65 13 feet. 

' Copper bolt in a granite block at East Quantockabead 244 43G5 feet. 

Copper bolt in a granite block at Stolford 125-1114 feet. 

bonboltialbefocfcatBHrtidifliid 108'57S6fMt 

TIm aoeonat of tite operation of canying the Levd Lime to tbeae different points, and comparii^ its poHtiOR 
vitk ttet ol dift 8ai£m of tbe «n, iritt appm in tbe IVii^^ 
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in tUa rcful^ we an led to inqpdre wbat is ^ degree (tf penii«nen<gr at one pltee. 
I wMj fortfaer add, tliat it cannot but be inatnictive to know how fiir the correc- 
tions of the hdght and dme of low water, for lunar parallux and declination, agree 
in form and amount with the same corrections already obtained for tii<^li water. 

I took, therefore, six years of observations at Plymouth ( 1833 — 1 838), made, as I had 
reason to believe, with care and accuracy under the superintendence of Mr. Walker, 
at present the Queen's Harbour Master at that port: und 1 had thetu discussed by 
Mr. Rom of the Hydrograpbei's Ofllee at the AdmL'alty by which gentleman, on 
this as on former occanons, the requirite calculations bare been performed with 
much seal and intelligence. 

The method employed in discussing the observations was the same, with slight mo- 
difications, as in former researches. Ttu' ]<>w waters, were referred to a transit of the 
moon anterior by about two days to rfn tinu -.d which each occurred : and according 
to the hours of these transits, were divided mto twelve horary groups, iVom 0'' to l*", 
from 1* to and so on. In order to find the taws of the heights, the mean height was 
taken for eadi of these groups. The mean parallax for each group was very nearly the 
absolute mean lunar parallax ; and the mean declination for each group differed from 
the absolute mean by a sm^l quantity, according to a known law. Hence the mean 
heights of the separate horary groups, compared with one anotlior, t^uve the law of 
the height as depending upon the hour of transit i that is, they gave the semiiuen- 
strual inequality of height for low water. 

I . Of the Permanency of the Height of Mean fflater. 
The lieight of low water, cleared of the effects of lunar parallax, and very nearly 
of the effects of lunar declination, and compared with the heiirht of high water simi- 
larly cleared, enabled me tu uscertuiu whether the mean wuler ulsso was affected by a 
semimenstrual inequality. The following are the results of this calculation, keeping 
the six snccessive years separate. 

Height of Mean Water at Plymouth. 
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It appears from this table that the hdght of mean water is constant from year to 
vear within two or three inches. 

It appears also that the mean water for each fortnight has a semimenstrual inequal- 
ity amounting to six or seven inches ; the height of the mean water being greatest 
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when the transit is at 6^, m l Irast when the transit Is at 12^. The immediate cause 
of this inequulity of the uacuu water is, that the seiumienstrual incqnality of low water 
is greater tlraii that of high water ; aa I ahall soon ham futher oocadon to remailc. 

How Ihr this small aemimenatnial inequality of the height of mean water ia imi. 
Teraal for ail places, I am not at present able to pronounce. But I am stron^^ dis- 
posed to believe that the difference in the amount of the sen^menstrual inequality of 
high water and of low water depends upon local circumstances ; and therefore that 
the senHineiistrual inequality of the mean height is a casual and partial result; the 
general rule being that the mean height is constant, except so far as it is slightly 
modified by local drcmnstanoes. 

2. 0/ the SemimensinuU hiequaUtsf i^ the Height of Low Water at Pfymimih, 

The height of low water is affected by the moon*B declination, and hence the mean 
height of low water for a year depends upon the mean declination. Now the mean' 
declination for the year is (iifierent in successive years in consequence of the cliange 
of position of the moon's orbit. Hence the mean height of low water will be dif- 
ferent in anoeesdve years. The same mi^ be aald of high water. The following is 
the comparison of the saccessive years now onder discnsslon with rdbremce to lilis 
circamstance. 

Meau .luiiuui Low Water and High Water at Plymouth, compared with the Mean 

Lunar BeeKnation. 





1833. 


ISM. 


1S3&. 


183A. 


1837. 


1838. 


Mean declination . 


« « 
14 14 


« / 

15 17 


iS IS 


0 ' 

17 12 


if 37 


O « 

17 50 




ft. in. 
4 1 
16 4 


ft. in. 
4 S 

16 a 


ft. in. 

16 ^ 


ft. in. 

16 ^ 


ft. in. 

4 ii 
16 t 


ft. in. 


Ifigli tntaf. . . . • . 



It appears troiii thi^, that in the mean low wafer there is a tolerably regular increase 
corresponding to the iucrease of declination, and amounting to about two inches for 
eacli degne deciiitation. la the blgli waten» this change is less marlced. When 
we obtidn a decKnatkm table from the observalionst we find that ai>ont the middle 
part of this table, (from decl. 12^ to 18°), the correction for dedination Is aboot one 
inch for each degree, which accordingly I shall adopt. 

Hence the semimenstrual lines for successive years, obtained by merely takin? the 
mean results of the year, will differ in consequence of the different mean declinuLiuns 
of the moon. And in order to obtain from them a table suited to the absolute mean 
of tonar declioation, wlddi for andi purposes is alMMit 1 6^°, we mast oorrect the re> 
solt of each year by a proper quantity ; which qnantity may, witiiotit aenailile error, 
be sapposed the same for all hours of tmnsit, and at nymontb will amonnt, as I 
have said, to about one inch for each d^jree^ 

MDCCCXXXIX. X 
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If we snppoije t he moon to move in the ecliptic, the neaa of all ber simple declina- 
tions will be less than 15**; but since the declination oomctkm varies as the sqoare 
of the decUnatkMi, we nmat take as the mean dediratkni of the tablea, that which 
givea the mean correctioii$ which is a1>oot 16|% as stated abofe. The mean dedi^ 
nations in page 153 are obtained bf adding tiie simple decHnationB only. Hnce it 
appears that the year which corresponds most nearly to tbe mean declination oonee* 
tion i« the year 18:^3 ; and to this, therefore, the others will be reduced. 

The semimenstruai inequality for each year will be given at the end of the paper: 
and for the reasons already stated, I snbtniet one inch from the heights for 1834, two 
indies for 1835» three inches for 1836, three inches for 1837» nnd fonr inches for 
1838. I thos olitau the following resnlts. 



Semimensti ual Inequality of the Height of Low Water at Plymouth reduced to 1833. 
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A order to compare this with I fit semimenstruai inequaMig of high water 9A the Same 
place, I take the mean of these heights, which I find to be 4 feet I| inch, and I ex> 
press each height hy its defect or excess with reference to this mean. In like manner, 
taking the table of the semimen.stnial inequality of high water at Plymouth, I find the 
uieuu height to be IG feet 3^ inches ; aud 1 expies« each other height by the excess or 
defect with reference to this. In tlds way I obtain two comparabie exprestions for 
tlie semimenMmal inequality of low and high water as foEtews : 
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Thus it appears that the semimenstruai inequality of low water at Plymouth t« 
greater than thai of high water in the ratio of 8 to 8 nearly, the total amounts being 
reqwctirely 634 incbes, and 87 inchra. Tbe total semimenstruai inequality of tbe 
mean water is bslf the diflferenoe of these two» or eight inches nearly: but this is to 
be reduced In consequence of the correction for parallax. 



* There ta AMaBUiymomalj in the result* uf 1837, which is caused, at least in part, by aqdojUtg aipi. 
nat time for tfait jmc, wbik the others (calcukted aikrwards) wereiefened to mean tiiae. 
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3. The Parattax Cometum itfthe Height qfLow Water at PfymoutL 

The parallax correction ie otytained tma all years alike, by taking the re^due of 
each observation wbich remaine vhen the seuiimenstrual inequality ia taken away, 
and arranging these residues (for each honr of the moon's transit) according to the 
parallax. The mean declination lor each column of such an arrangement is very 
nearly the absolute mean declinatiuu lor the year ; and hence the different heights 
vOl depend afanoitentifdy upon the diflwwtpaiallaxea. In this manner we obtain 
die elftct of parallax, ananfed according to hoora of mooD*e toanait. Bat as the 
effect upon the hdght ia nearly the sane ht all bonrs of tiWMtii I take the mean 
of all the twelve boars, and thus obtain the parallax correction for the height of low 
water. I place al<Mig with this the parallax correction for the height of high water at 
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the lame place. Henoe it appears that at Flymoath the parallax correotfcm for height 
is somewhat greater for low water than for high watnr. 

In the Appendix, where the parallax corrections for the separate hours are^ven, it 

will be seen that although the mean parallax correction for parallax 5/'^ is very small, 
and may almost be taken as (», the parallax correction for the ditferent hours for this 
value of the parallax, ranges from — 4 4 inches to -f 37 inches. This arises from 
the circumstance that the range of parallax at different hours is uut tiie same, owing 
to the moon's vonalton. By reason of the sui*s action npon her, her orbit is an otal, 
the smaller axis of which is in the ^recUon of the son. Hence at syiygy she comes 
so near the earth, that her parallax amounts to 6l'| ; but at quadratures her paralhix 
never exceeds 59*^. Consequently the mean parallax at syzygy is about 68', and at 
quadrature about 57'. Hence if we take 57'^ for the mean parallax, the seinimenstrual 
cnr>'e, obtained as abovr-, i«: affected by a parallax correction, which is — at O'', and 
4- at 6*" transit. If we Luke away this correction, so as to obiain the true mcun semi- 
menstmal ineqnali^, we find the following. 



SenUmoistroal Ineqnali^ of Low Water at Plymonth, for the Mean I^rsllax and 

Declination. 
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The total amount of this semirnenstrual inequality is now 50 inches; and as the 
total inequality for high water is '67 inches^ the total semirnenstrual inequality for 
mean water amounts to 6^ inches. 

X3 
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4. The Dedbittlim OarrecHm if ike Height of Low fFaiter at Pfymentk, 

The deolinatkm correction is obtained in a manner analogons to the paraUaz cor- 
rection, horn eodi year's obtervatiou. Bnt the correction thus obtidned ii tint 
which sttppoees tiie mean declinadon of each year to require no correclMin. Nov 
this mean dn^nation in different years is, as we have said, different. Therefore the 
declination correction so calculated will be different in different years ; and hence we 
should require different (kclination tables in dilferent positions of the moon's nodes. 
But the semimenstrual inequality is also different in different years, in virtue of the 
difference <^ the mo(m*s mean dedioatioiii And when we take from the Bcmimca- 
etraal inequalities that which is requisite to reduce them to the mean declination 16|*, 
and add it to the dedination corrections for each year, the declinaUon corrections fiw 
different years coincide very nearly. For this purpose we add one inch to 1834, two 
inches to 1835, three inches to 1836, three inches to 1837, four indies to 1838, which 
were subtracted before. In this way we obtain the following results. I'hese are the 
mean declination corrections, no account being taken of the difference of hours, which 
prodttces little effect. 

I also add tlie declination corrections as obtiuned for high water at Plymoath. Bj 
comparison it will appear that the low water corrections are larger, espoMyfor the 
high declinations. 

Declination Correction. Plvmonth 
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There can be little doubt that the correction, as here ^iveu, for low water is more 
exact than that for high water, the process by which it is deduced having been ap- 
plied in a more rq;ular manner. And I may fbrtlier observe, that the discussions, of 

which I have now been stating the results, remove all doubt on the question whether 

the declination correction, empirically deduced, varies as the square of the declination. 
The correction for low water g-iven above, follows that law with great prfcision, as 
appears thus. The above corrections, reduced to 40ths of an inch anH to i l< < I tiafi<tn 0, 
are as follows ; and the squares of the corresponding declinatiou^ arc exprciiised in 
the lime helow. 

Coneetlon ... 10 — 10 40 100 150 830 850 470 690 
Square of dcd. .1 16 40 100 160 356 961 484 085 
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I expect shordy to be able to fpm, as a Seqnel to this memcnr, a discussion of the 
timet of low water at nymoatb corresponding to this discussion of the heights. 

FbSfTscfupT. 

As a further proof how very nearly constant is the height of mean water, I annex 

the result of one year's observations made at Dandee, discussed by Mr. Dbssiou. 
It will be ^vf'n that the differences are confined within inch, except at 11 and 
12 o'clocli, when they become about two inches more. This is in a (spring) tide of 
fonrteenfiaet. 

Dundee Tide ObserraUonB, I887> Sem i menstnial Inequality, Hei|^t of fiBgh and 

Low Water, and Mean Height. 
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APPENDIX, 

Showing the reralts of the Calcalatkms on which the preceding Memoir U founded. 



Plymouth. Heights of Low Water. Semimenstrual Line. 
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IS If 


IS S 


IS 1 


U 48 


ISSS 


14 41 






1885. 


17 1 

1.^ n.'. 
l.'i .1(3 
17 -26 


16 28 

17 .VJ 
lij 22 
I.'. M 


19 M 

L-i ?6 

15 40 

16 36 


19 4> 

17 19 
17 19 
16 43 


1$ 89 

15 33 
15 43 
17 86 


15 45 

16 17 
18 13 
16 42 


15 88 

IS 30 
Ifi .tfl 
Ifi 13 


16 48 

1.'. 2i 

15 3H 

16 46 


1.'. .IS 
iC, 41t 
17 32 
16 3 


16 29 
15 18 
14 40 

17 9 


14 99 
16 34 
16 45 

14 30 


16 5« 
14 59 

16 13 

17 57 


16 30 


16 38 


16 U 


14 89 


16 18 


16 44 


15 65 


16 7 


16 31 


[ 15 51 


IS 48 


16 86 
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Tabix (Coatinued). 



1836. 




h m 

0 ao 


h ID 

1 ao 


h m 
S »> 


h m 

a 80 


h m 

4 ao 


h m 
5 30 


b m 

6 ao 


h m 
7 80 


h m 
8 30 


h ni 

9 ao 


li in 
10 30 


11 30 


tt fa. 

ir i7 

15 40 

!7 S5 


ft. in. 

15 3.1 
IH 45 
17 39 

16 80 


ft. in. 
18 1 
15 SS 

17 5 

18 .15 


ft. in. 

16 15 
18 59 

17 53 
16 U 


ft. in. 
18 96 
15 46 

IG 11 
17 27 


ft. in. 
16 54 
18 31 

18 1« 
J7 38 


ft. In. 

18 41 
16 14 
16 41 
16 5'J 


ft. in. 

15 32 
18 6 
17 10 

16 40 


ft. in. 

17 9 
15 51 
17 15 
IH 4 


ft. in. 
18 4 
18 4 
16 14 
16 40 


ft. in. 

13 55 

17 9 

18 as 

16 97 


ft. in. 
17 50 
17 45 
15 94 
17 16 


17 15 


17 4 


17 1« 


17 33 


16 58 


17 60 


17 9 


17 7 


17 J ' 17 1'; 


17 1 


17 4 




1B87. 


18 11 

18 n 

16 fi9 
li M 


17 

la 5a 
17 i 
17 1» 


16 40 

17 25 

18 3 
16 3S 


18 13 
16 37 
16 47 
18 39 


18 17 
18 39 
li) 19 
18 tH 


18 16 
18 44 
18 14 
IG 45 


19 7 
18 33 
15 30 
17 &i 


17 18 

18 32 
18 2(1 
17 18 


19 38 
17 11 

17 8 

18 11 


16 19 

18 I 

17 18 
17 311 


17 17 

16 sa 

18 1 

17 £4 


16 27 
18 36 
16 56 
16 45 


17 » 


17 10 


17 U 


17 84 


M4I 


18 0 


17 46 


17 58 


18 1 


17 13 


17 97 


17 11 














1888. 


17 65 

16 5* 

17 50 
tf U 


18 31 
18 0 

17 11 

18 U 


17 14 
17 ?0 

16 28 

17 86 


IS 7 
18 13 
IH 28 
18 83 


17 40 
17 98 

17 97 

18 88 


16 3 

17 18 
1» 6 
IB 0 


18 IS 

16 58 

17 9 

18 59 


17 8 

18 23 
18 32 
17 9 


19 5 
17 M 

17 14 

18 19 


16 56 
18 32 

17 48 
17 1 


19 2ft 
18 2 

17 33 

18 90 


18 3i 
18 99 

17 61 

18 8 


17 IS 


VM 


V w 


1»U 


U4t 


u»t 


IJ4» 


17 40 


U « 


17 M 


uu 


1811 



UUCCCXX.1C1X. 
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XII. Researches on the Tides^EleveiUh Series. On certain Tide Ohservatitms made 
m ^ Indian Seas, 'Bg ike Rev. W. Wbbwbu^ B.D. F,R^^ Fellow ef THmfy 

Rcoemd kgSi ll^Xcad June 6, 18S9. 

Certain aenes of tide obiervatioin, made at several pbuM in the Indiaa Seas, 
liaving been forwarded to the Admiralty by the Hosotirable East India Company, I 
examined these by the assistance of Mr. D. Ross of the Hydrographer's Office. The 
observations; were v<'r\' inrompl<'fe> as the followinc: arcount of them will show. But 
as the tidt s nf those seas oiler some very curions phenomena, I endeavoured to dis- 
cover how far these phenomena were iUustnited by the observations thus sent ; and 
I ncnr lay the rasolta of this esanunatioii before the Society, in order that they may 
be preserved* and oombuied inth any inforniatiMi obtained hereafter from these seas. 
The places of observation were 

Coringa Bay^ on the coast of Golconda . . Lat. N. 16 4U Long. E. 82 6 
Cochin, on the Malabar coast ...... 9 67^ 70 Sf» 

Svrat Roads, in the Golf of Gamhay ... 31 11 79 H 

Gogah, on the opposite side of the Golf of) ^ ^ 

Cambay / 

Bassadorc, at the western extremity of the> 

Island of Kismis, at the entrance of the > 26 39 65 32 

Persian Gui! J 

1. At Cochin. — Although there are two years tides (1836, 183/) for this place, still 
they are only taken once in twenty-^ovr hours t and on examinalion of ^e heights 
they seldom vary more than one foot from SfHrbg to neap, but the range is only three 
feet. 

2. Coringa River. — The observations are also for two years, 1836 and 1837, at this 
place, but only once in twenty-four hours. These tides appear to be more carefully 
taken both in times and heights than at Cochin. 

3. In Swat Roads. — ^The tides were taken on board an Indian brig, and then ou\y 
when in harbour, commencing October 18, 1834, and continned to the 83rd. A gap 
takes phoe as the brig goes on a craise till the 81st. Tides continned to Nor. 18 ; 
gap to 2Ut. Tides to December 20 ; gap to January 7* 1885. Tides to March 80 ; 
gap to April 6. Observations end 25th. These tides are for a.m. and p.m. 

4. Jt GogoA.— These observations seem to be the most regular ; they are taken 

y3 
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at AM ai^d p M. ; li lt there are not four montbfl of them, as they commence on the 
lOtb uf June, and end i»eptember 30, 1835. 

5. M Ba$tadote^Tb» tides at tlui pbce are taken for a fear days in Septeinber ; 
a foar days in October, and tiie whole of November for 1884. 

In the first place, I proceeded to find the establishm e nt of each place, and the semi- 
menstrual inequality so for aa the observations allowed. The following are the re- 
sults. 





Lnnhiiki Intenril. 


Men, or comet 














Coringa Bay . . 
Cochin .... 
8iint .... .... 


h m 
9 25 
0 32 
S 49 
4 6 


h m 
10 .39 = 
S il = 

4 £9 = 

5 f7 = 


h n 
10 9 
1 261 
4 S4 
4 4«| 


m 
74 
109 
70 
SI 







In Ills second place, it appeared that at the two places in the Gulf of Carabay, there 
is an enormous diurnal in(!'(]ua!ity of the heights, amounting at both Surat and Gogah 
to not less than seven or eight fret. The observations being laid down in curves, 
this feature was more marked than in any case which I have yet examined, even than 
ISngapore, of which the carve was ^vcn in the Philosophical Transactions for 1887. 

The observationa ^ve tiiis ineqnslity at Surat and Oogab somewhat irrsgnhu^y, 
bat not BO much so as to prevent niy obtidning its epoch m an approximate manner. 
It appears that the diurnal inequality disappear^ and changes its sign, about two 
day« after the moon's declination vanishes. 

In tilt tliiid place, it appeared that at Bassadore there is a very large diurnal in- 
equality oi the iimti, amouutiog to above two hours in some instances. This is a new 
ease: for though I had already ascertained that in some places there is a dinmal 
inequality of die lunitidal intervals, I hsd'never supposed that it could amount to a 
quantity so large as this, which indeed utterly displaces tbe tides. For instance, 
about the 23rd of November 1834, the tides on the afternoon of each day were earlier 
by about two hours than the hour of the tides in the forenoon. What makrs this 
anomaly still more remarkable h, that at this place there is little or no diurnal 
inequality of the heights. As this result is a very novel one, I shall here give a copy 
of the original observations. 
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BuBMlore Original Tide Register for tlie Month of November 1834. 





LowWate 


1* 




Range. 


1 


Low Water. 


High Water. 


TUng*. 






Height 


Time. 


Hdght. 


Time. 


Height. 


Time. 


Height. 




h ID 


ft. 


in. 


h m 


ft. 


in. 


ft. 


in. 


Nov. 16 A.1I. 


h lu 


ft. 


in. 


h m 


ft. 


in. 


ft. 


in. 


Nov. 1 A^. 


5 35 


1 


6 


11 58 


9 


0 


7 


6 


5 55 


3 


0 


11 55 


9 


0 


6 


0 




6 32 


0 


0 












rM. 


6 43 


0 


6 


13 if 


8 


6 


8 


0 


Mam. 


6 15 


1 


0 


0 26 


9 


6 


8 


6 


17 A.M. 


6 17 


2 


0 


11 34 


8 


6 


6 


0 




7 4 


0 


0 


0 80 


9 


6 


9 


6 


pj<. 


6 35 


1 


6 


13 22 


9 


0 


7 


6 


9 am. 


7 1 


1 


0 


1 ts 


9 


6 


8 


6 


i8A.ai. 


4 46 


2 


0 


• • • * 










TM. 


8 3 


1 


0 


1 2 


9 


0 


8 


0 




7 « 


3 


0 


37 


9 


0 


6 


0 


4 A.M. 


7 39 


1 


0 


2 14 


9 


0 


8 


0 




7 24 


3 


0 


2 12 


8 


6 


5 


6 


rM. 


8 S3 


9 


0 


1 32 


9 


6 


7 


6 


Ktl. 


8 20 


1 


6 


1 6 


8 


6 


7 


0 


5 A.M. 


8 SS 


9 


0 


3 26 


9 


0 


7 


0 


Mam. 


7 57 


2 


0 


2 55 


9 


0 


7 


0 


rM. 


g 3.1 


9 


0 


S 17 


9 


0 


7 


0 


P.M. 


9 7 


2 


0 


1 35 


9 


0 


7 


0 


6 A.M. 


9 1.3 


i 


6 


4 4 


9 


0 


6 


6 


21 A.M. 


8 48 


3 


0 


3 67 


8 


6 


6 


6 


F^. 


10 16 


2 


6 


2 68 


9 


0 


6 




P.M. 


9 44 


2 


6 


2 8 


9 


0 


6 


6 


jAJt, 


10 10 


2 


6 


5 0 


8 


6 


6 


0 


22 A^. 


9 16 


2 


0 


4 34 


8 


6 


6 


6 


WM. 


11 14 


4 


0 


3 38 


8 


0 


4 


0 


VM. 


10 30 


3 


0 


2 38 


8 


6 


5 


6 


8 a.m. 


11 35 


4 


0 


6 15 


7 


6 


3 


6 




IS 13 


4 


0 


5 33 


8 


6 


4 


€ 


M. 


• • ■ ■ 






5 3 


7 


6 






Ml. 


11 39 


4 


0 


3 41 


8 


0 


4 


0 


9 am. 


26 


9 


6 


7 36 


7 


0 


4 


6 


Mam. 


11 97 


4 


0 


6 43 


8 


0 


4 


0 


rM. 


1 18 


4 


0 


*. T 
/ / 


7 


6 


3 


6 


rM. 








5 7 


8 


6 






10 A.M. 


2 48 


3 




8 41 


7 


0 


4 


0 


Ma.m. 


0 59 


4 


b 


7 50 


8 


0 


4 


• 


P.M. 


2 9 


3 




7 27 


7 


0 


4 


0 


P.M. 


I 1 


! 


0 


6 29 


9 


0 


5 


• 


11 A.M. 


2 «3 




; 


9 40 


9 


0 


S 


0 


26 A.H. 


1 6£ 


4 


0 


8 48 


8 


6 


4 


6 


I'.M 


1 3 


I 


f) 


u 


8 


0 


5 


0 


P.M. 


2 32 


3 


0 


9 8 


9 


6 


6 


6 


12 A.M. 


3 50 


3 


0 


10 30 


8 


0 


5 


0 


27 A.M. 


2 30 


a 


0 


9 12 


9 


0 


6 


0 


P.M. 


4 bA 


3 


0 


10 £5 


8 


0 


6 


0 


P.M. 


2 31 


2 


0 


9 38 


9 


0 


7 


0 


13 A.M. 


5 4 


3 


0 


10 42 


9 


0 


6 


0 


28 A.M. 


3 39 


2 


0 


9 37 


9 


0 


7 


0 


P.M. 


6 25 


3 


0 


11 7 


9 


9 


6 


0 


P.M. 


4 20 


1 


0 


10 42 


9 


0 


7 


0 


14 A^. 


4 23 


4 


0 


10 44 


9 


0 


S 


0 


9iAM. 


4 IS 


1 


0 


10 21 


9 


6 


8 


6 


9M. 


5 43 


3 


0 


11 54 


9 


0 


6 


0 


rM. 


fi 18 


1 


0 


11 49 


10 


0 


9 


0 


16 A.U. 


& 16 


3 


0 


11 26 


9 


0 


6 


0 


] MA.M, 


5 SO 


2 


0 


11 15 


9 


9 


7 


9 


P.M. 


6 8 


3 


0 


12 29 


9 


0 


6 


0 


1 r.M. 


6 9 


0 


0 


12 22 


9 


9 


9 


9 



To this table there is no aignatare, bat all the others for Baesadore are aigned 

Thomas Elroon, Commodore. 

In order to bring into view the d'mmal inequality of the times in these observa- 
tionSj we take out the times of moon's transit, corrected for the longitude of Bassa- 
dore. We hence find the Interval between each transit and the succeeding time ci 
high water, as will be seen below ; and it i^pears that the lumtidal hUervab vary from 
9^ 48" to 13^ 33". At the beginning of the month the snccesnve hmitidal intervals 
are equal About tbe 7th tbiqr become alternately about 13^ and lO'', or 13^ and 1 ]*■ ; 
on the 12th they are again equal ; about the 1 9th theyagam become alternately about 
la*" and lO''. The difference gradually diminishes to the 20th, when they are a^in 
equal ; alter which the inequality reappears, aud continues to the end of the month. 

This diurnal inequality of above two hours in the time of high water, in a utuation 
in wliich the dinmal inequality of height is insensible, I cannot but consider as a 
most curious tidai featnre in addidon to those already remarked In the Indian Seas. 
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Traaiit. 


Tide. 


Lnnitidtl 
Interral. 




Moon's 
TruuU. 


flniimidlii 
Tide. 


latcrwL 




h m 


h m 


h m 




k m 


h m 


h m 


1834. 31 


83 48 


11 58 


12 10 


Nov. 16! 12 5 


13 12 


13 7 


Nov. 1 










1 ^ 2H 


11 34 


11 6 




16 


S6 


12 10 


17 


12 62 


13 22 


12 30 


S 


45 


30 


11 45 




13 17 


37 


11 20 




1 U 


1 23 


12 9 


18 


13 42 


2 12 


12 30 


3 


1 44 


1 i 


11 \H 




14 8 


1 6 


10 58 




2 14 


2 14 


12 0 


19 


14 35 


2 55 


12 20 


4 


S 44 


1 3* 


10 48 




15 2 


1 35 


10 33 




8 14 


8 26 


12 12 


90 


15 29 


3 57 


12 28 


I 


a 4s 


* 17 


10 34 




15 56 


2 8 


10 12 




4 IS 


4 4 


11 62 


21 


16 23 


4 34 


12 11 


6 


4 41 


9 58 


10 17 




16 50 


S 88 


9 48 




5 8 


5 0 


11 62 


22 


17 17 


S 38 


19 16 


7 


5 35 


n 3S 


10 3 




17 43 


3 K 


9 ."8 




6 1 


6 15 


12 14 


23 


18 8 


6 -ia 


12 35 


6 


6 S6 


5 3 


10 37 




IB 34 


5 7 


10 33 




6 49 


7 .IS 


12 46 


24 


la 59 


7 50 


12 51 


9 


7 IJ 


7 7 


11 65 




19 24 


6 29 


11 5 




7 34 


8 41 


13 7 


26 


19 49 


8 48 


12 59 


10 


7 66 


7 27 


11 31 




20 14 


8 8 


11 54 




8 17 


9 40 


13 23 


96 


SO 40 


9 IS 


19 39 


11 


8 87 


9 41 


18 4 




91 6 


9 88 


IS 89 




8 87 


10 SO 


18 88 


97 


21 32 


9 37 


12 5 


IS 


9 17 


10 98 


18 8 




21 59 


10 42 


12 43 




9 37 


10 42 


13 5 


98 


22 2G 


10 21 


11 55 


13 


9 57 


11 7 


13 10 




22 54 


11 49 


12 55 




10 17 


10 44 


12 27 


29 


23 23 


11 15 


11 52 


14 


10 38 


1 1 54 


13 16 




S3 53 


12 22 


12 29 




10 59 


11 26 


12 27 ' 


30 








15 


11 20 1 


12 29 


13 9 












11 4f 


11 88 


19 18 
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XIII. Account of Erperimenis on Iron-huUt Ships, insdfufed for the purpose of dis- 
covering a correction for the detnation of the Compass produced by the Iron of the 
Ships. By GfiORuB iiiuuiiLL AiRY) Esq. A.M^t Astronomer Royal. 

Received April Read April 25. 1839. 

t 

Section I. — Preliminart/. 

In the months of October and November lH.'ir>, a scries of observations was made 
under the direction of the Board of Admiralty, by Commander Johnson, HJ^^., on 
the inm MeuiMihip Gany Owva, for ftMsertddiig^ liie amoiint dtobntNUMse of tiw 
cooipMS produoed by the magnetic attraction of the iron, of which the ship's sides 
and bottom are composed. The details of these experiments are published in the 
Philosophic^ Transactions for 1836. Results of great importance were obtained as 
to the amount of dcviafifin of the compass in different parts of the ship ; and several 
remarkablp experhneiits were described, which seeiirpd to prove that the ship acted 
upon external compa^tM^, in the uiunncr ot a permanent magnet. But no attempt 
WBB made to discover tlie laws of the mognetio cKstttilwnoe» or to ascertain its canses; 
and no attempt could therefore be made to nentnLlize the ship's distnrlring force by 
the introduction of new disturbing Jiwces. 

llie last-mentioned point was, however, kept in sight by the Board of Admiralty, 
and partial arrangements were made for conducting a series of experiments referring 
expressly to this subject, whenever a favourable opportunity should occur. In the 
month of July 1838 the iron-buitt steam-bhip the llaiubow was placed by the General 
Steam Navigation Company at the service of the Admiralty tor magnetic examina* 
lion. The conduct of the experiments was entrusted by tlie Board to me, and the 
vessel was immediately placed in the Basin of the Deptford Dock Yard. 

The first point to be settled was the selection of stations in which the deviations of 
the compass should be obsen ed. The object which I proposed to myself (the ascer- 
taining the laws of the deviation, and the neutralization, if possible, of the deviating 
forces) made it a matter of no interest to me to try the action of the compa&s in many 
diflSefent places. I ^termined therelbre on sdecting only those in which it was lilcely 
that the compass, in the ordinary course of navigation, might be used for steering. 
With the assistance of Capt. SemaBffv, R.N., Captain Supetintendant of the Deptford 
JDodc Yard, I fixed on the four following stations : 

Station I., very near the binnacle as fixed in the ship, at the distance of 
J 3 £eet 2 inches from the extreme part of the stem. 
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Station IL, at the place where the binnacle would probably be fixed in a 
steam-sUp of the Royd Navy, at tbe diitaooe of 31 feet 9 incheB from the ttem. 
Station III., aa near to the misen-maet as obflerraftUnM coold eonvenieiitly 

be made, distant 48 feet 3 inches from the stern. 

Station IV., a short distance abaft the fore-ma.st, at the distanee of 47 feat 
from the knight-head, or 151 feet 6 inches from the stern. 

For the purpose of cotninanding a clear view above the engine-boxes and paddle* 
boxes, it was necessary to place in each of these positions a stage of considerable 
height (tbe elevation of its upper floor was 10 feet 2 inches). A lower floor was fixed 
In tfie stsfe at the elevation of 3 feet 0 Inches above the deck ; and npOD this tihe 
anmoth compass used in the experiraeat was always placed. The elevation of ita 
card above the deck was then about 4 feet ^ incli. This elevation was adopted as 
coincidino; almost exactly with that at which the compass was mounted in the bin- 
nacle when the ship was placed under my management. 

The trouble of observing a compass upon the top of the stage was so binuii, thai 
(although unimportant for the special objects of this inquiry) it was thought desirable 
to asoertain its error, as well as that of the loirer compass, in each position of tbe 
vessers bead. In the observations of the first day the upper compass was placed 
upon the stage, with its card raised 10 feetSinchei above the deck; itwas aflef^ 
wards raised 2 feet higher. 

In adopting a method of observation^ tbe following considerations were taken into 
account. 

If we were certain that no sensible effect would be produced on the compass by the 
iron in the whaHs and the various buildings surrounding the ba^, Ibe cauest method 
of determining tbe error of the ship's compass would be to compare it with a compass 
on shore, cither by reciprocal observations, or by observing with both the line of the 

ship's fore>ma&t and mizcn-mast, or hy observing with the ship's compass a mark at 
some distance, and observing with the shore compass the azimuth ol iUl s:iiir' mark 
when seen iu the same line with the ship's compass. I omit the mention of a mark 
at BO great a distance that Its parallax in the movement of the ship would be inaen- 
(rible, because no very <Ustant marie can be seen from the Deptford Dock Yard. But 
these methods require a general certainty that there are no local disturUng causes. 
Tbe vessel had been placed so early in the barin, that I had had no opportunity of ex- 
amining into tbe existence of local disturbances; and, as far as the general aspect of 
flie localities could suggest an opinion, it was extremely probable tluit the local dis- 
turbances would be sensible. There are several iron posts, and an iron crane, very 
near the basin walls tfaerewaaagreatmassof iron tanks hi a shed adjoining it; and 
the great length of the ship brought the compass when at Station I. veiy near to one 
side or another of tbe basbi. It appeared therefore best to observe the aaimulh of » 
chimney on the opposite side of the river, with tbe ship's compass only, and to re- 
gister the local position of the compass In such a manner that the correction depend. 
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ing' upon its place in the ba^sin might be taken from a map ; and it was suppc^cc! that 
by afterwards carrying a compass round the basin when the ship was removed, ob- 
serving with it the tani« ciiiiiiiiey, and eorrecdng for looal poflhimi in the same man- 
ner, the amoant of error dqiendii^ on local diatnrlNUioe n^ht be fbuml, and i^pliedt 
If neeemiy, to the observations in the ship. 
Tlie observations were made in the following manner. 

Through a hole in the upper floor of the stage a wooden spindle, 2^ inches square, 
was passed. The lower end of this spindle was connected with a woo<len fork, whose 
branches lodged upon the gimble-frame of the azimuth-compass, in such a manner 
that when the sfundk was tamed it earried with it tlM firaine of the compass. At 
the upper end of the spindle was a small teicacope with a thick wire in its fidd of 
view ; die hdght of tlie telescope atiofe the deck was aboat 15 feet 6 inches ; so that 
a person standing on the uppor floor of the Stage could with the telescope conveni* 
ently observe the chimney above the paddle-boxes and engine-boxes, while a person 
beiow could read off the bearing by the azimuth compass in the usual way. At the 
beginniug and at the end of each series, or at other convenient times, the bearing of 
the chimney was observed as well fdth the rights of ^ arimnth compass as with the 
tdeacope ; and thna was obUdned an mdex. error of the tdeacope, by which all ob- 
servations made with the telesoope oonld he converted uiCo eqoivaleiit observations 
with the compass rights. 

Two theodolites were stationed at points commanding the ehimney and every part 
of the basin. The fhity of the theotlolite observers was, at each position of the ship, 
to observe the wooden Kpindle placed on the compass, to observe the cbiouiey, and 
to make reciprocal observations. 

The person upon the top of the stagey having ascertained that the ship was stsadiiy 
moored, directed that the ship's bell should be strode, as a rignal to all the observers, 
and then gave out the ordinal number of the observation. This was entered Ivy each 
of the observers in his book. The person on the stage tlh tN tcfl his telescope to the 
chimney and gave notice thereof to the person below, who read oft the compa.ss and 
entered the reading in his book : then the person on the stage directed his teleseope 
to the centre of the ship's funnel, and the compass in like manner was read by the 
person below: these observations were repeated g then the person at the top of the 
stage observed tlie eUmn^ with tiie upper compass, and entered the reading in his 
book. Daring these observations, each of the theodolite-observers had twice ob- 
served the compass-spindle, the chimney, and the other theodolite, and entered the 
readings in his Imok ; ;in<! other observations were made and entered by other per- 
sons, as» will shortly be mentioned. Each observer gave signal of the completion of 
bis observations by raising a flag: as soon as all had finished, the word was given for 
swinging the ship into a new position. 

On the first two days of observaUon, July 3$ and 80, a compass was placed upon 
one of the paddle-bozes» md the wdmnth of the chfannqr was r^gnlarfy observed with 

MDGCCXXXIZ. z 
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it. The disturbances of the compass, iMMvever, appeand anomalous s and as It did 
not appear probable tbat this compass oonld be corrected so completely as tiie otbm» 
the obsermtioiis were never wboUy reduced. 

In the first two days there were mounted on shore, near the western side of the 
basin, a dipping needle, and a two foot horizontal needle, suspended by a skein of silk, 
and carrying a reflector with which the divisions of a scale were observed in Gauss's 
method ; and near the south side of the basin a dipping needle, and a two foot hori- 
zontal needle transverse to the meridian, carried by two paralld dcdns of silk in the 
manner of Gauss and Wbbbr's bifilar magnetometer, and carrying a r^ector with 
which adivided scale was observed. These were obserred when the s^nal was^ven 
for the compass observations. 

On the third day, July 31, three dipping needles were placed in the ship, in posi- 
tions very near to the compass stations I. III. IV.: during one complete revolution 
of the ship they were placed so that the vibrations of the needle were in the plane of 
the keel ; and during another complete revolution, they were so phiced Aat the 
idbrations were transverse to the ked. 

The same dipping needks w«te afterwards, on Aqgnst 9, carried on shore, and 
arranged in a line nearly £. and W. for observation of the effect produced by bring- 
ing the ship's head and stern very near to the side of the basin while the keel was E. 
and W. They were then arranged in a N. and S. line, and the effects of the two ex- 
tremities ot the ship while the keel was N. and i». were examined. 

The ship was then taken out of the badn, and cm August 6 the same compass 
which had been used at the lower stage-floor in ^ four stations on board the ship, 
was mounted upon a stage carried by a raft (in the constmcdon of which there was 
not much Iron) and floated round the basin. The height of the compass above water 
was made nearly the same as the height of the lower stage floor (in the ship) above 
^vater ; and the raft was carried to all parts where there was suspicion of local dis- 
turbance, care being taken that it should be placed nearly opposite each iron post, 
and nearly intermediate to adjacent posts. 

On August 14 observations of horinmtal intenrity were made with a needle sus- 
pended by a nlk fibr^ at each of the four stations, the ship's head being plaoed suc- 
cessively N., W., S., and E.*, by means of a compass on shore. 

On August 20 and August 22, after thr application of correctors, observations of 
the compasses were made in the same manner as those made for ascertaimog the 
amount of error, in order to verify the accuracy of the correction. 

I have now only to give the names of the persons employed in the varioas parts of 
the open^don. 

The swinging the ship round was managed by Captain Smansfr or by Mr. Bfomici 
* Itiidhn7«tobe«ad«ntoodlbKta«MfdindpoiiiliofflMCQBi^ 
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(Master Attendant of the Dock Yard), with the assistance of men attached to the 
Dock Yard. 

The two theodolites (A. and B.) were assigned to Mr. Jambs GiAismR and Mr. 
Eun, Aidstants at the Royal Observatory. 

The western dipptag needle and homontal needle (C.) were observed^ on Jnly 98, 
by FhifeBsor Christib, and on July 30 by the Ber, R. GtaSRfSUNXS. 

The southern dipping needle and horizontal needle transverse to the meridian (D.) 
were ob-crrrfi l>y the flev. R. Main, First Assistant at the Hoyal Observatory. 

The ohscrvatiuus with the compass on the paddle-box (£.) were made by Captain 
Shibufp. 

The npper telescope was directed and the upper compass (F.) read off 1^ myseU 
in the whole of the cxp^inients. 

The compass on the lower stage-floor (G.) was read off on July 26 by lieutenant 
Denisos, r e., on July 30 by Fbancis Baily, Esq., and in all the sobseqnent obser- 
vations by Captain Shirreff. 

The compass on the raft (H.) was observed by Mr. Main, with thn assistance of 
Captain Shirreff. 

Of the three dipping-n^edlcs on board, on Jnly 81, the stemmost was read by Cap- 
tain Shibbbff, and the other two by Mr. Maim. 

TT)e dipping needles on shore, on August 2, were read by Mr. Main. 

The observations of the time of vihration for horizontal intenst^ On AngnSt 14 
were made by myself, witti the assistance of Captain Shirrbff. 

To all the persons named above my most cordial thanks are due for the zeal and 
stcadine^ with ^vhich they followed out my plans under the most distressing circum> 
Stances of weatber. Bat to Capfadn Shibbbff in particular an adcnowledgement of 
ray obligations mnst here be given. Not only was the asristanoe of men and mate- 
rials from the Dock Yard furnished by Captain Shirreff in the way wl^ch I thought 
most desirable, but by his j)resence and by the interest in the operations which he 
displayed, the services of all the subordinate persons were rendered fully efficient; 
while the part which he took as an active observer, from the beginning tu the end, 
materially lightened my labours and increased my confidence in the results. 

Section II. — fyme^e Results of Observations. 

I. Local disturbances of the compass, as shown by the observations on the Raft. 

A plan of the Basin iu Deptford Dock Yard was prepared, from simultaneous 
obser\'ation9 with the two theodolites A. and B., on a signal carried to different 
parts of the basin-wall, and was copied (by pricking off) for the insertion of the 
places of the compass in every senes of obscrvatious. The positions of the com- 
pass when on the raft were laid down on one of these copies, from simultaneous 
obeervations with the thsodolites, as already described. The positions from No. 105 
to 114 range along the £. and SJB. side of the basin, from the entrance to the 
8. angle : 116, 118, and 117, are on the S.W. side between the ways of two building 

z3 



Digitized by Google 



173 



MR. A1IIT*8 ACCOUNT OF EXPRRIMBNT8, ETC. 



Blips : and the remainder, from 118 to 139, are on the N.W. ride, from tbe W. angle 
to the entfaace. The distance of the compon from the wtaat varied from 16 to 
24 fiset. At each of these positions the clUmD^ was ohaerred with the oompOM. 

The next step (as in all the otlwr observations) was to eonect for locality, and tUs 
wa** done In tlie following manner. The angle at A, the south-eastern theodolite, 
between tIh ( binuipy nnd the theodolite B. was 59" 29', and the angle at B. between 
the cbimucy und A. was i i;i 3ti'. Consequently the angle subtended by A B at tbe 
chimney was 6^ S^. Tbe line A B l>eing, therefore, supposed to represent 6^ bif, and 
being (Unded into portions corresponding each to 1% commencing at B, dotted lines 
were drawn from the chimney through the points forming these divisions, and thus 
indicated the points in tbe basin at which the true azimuth of the chimney dif- 
fers 1°, 2°, 3°, 8cc., from tlie aylinuth observed at B. If then the correction -j- 1° be 
applied to the azimuths (reckoned from north throug-h ea.st, south, and west), as ob- 
served with the compaiiH at any point in the dotted line marked -)- 1% uu azimuth 
will be obtained which ought to be the same as if it liad been observed at B, and 
whose dilference from that at B can be occasioned only by local disturbance ; and 
rimilarly for positions of tlie compass upon any other dotted lines. For intermediate 
positions the correction was taken to 6f by inspection. In this manner the following 
Table was formed. 



No. of 


Obs«ncil 

•zimudi !«• 


Mfan of all 
tbe ob«cr\ cd 
aiinmh* 
nAued. 


Apparent loc»lj 


No. of 


Ob««nfed 
txinotb re- 


tlie ohtemd 
ntatti. 


Apparent local 


105 


87 S5 


46 


0 ' 

—0 21 


118 


o * 

38 45 




+ 0 59 


106 


87 10 




—0 36 


119 


38 35 


+ 0 49 


1S7 


38 5 




+ 0 19 


120 


38 10 




+ 0 24 


108 


36 30 




-1 16 


121 


38 10 




-t-0 2i 


109 


37 30 




-0 16 


122 


37 0 




-0 46 


no 


37 45 




-0 1 


123 


38 5 




+ 0 19 


111 


37 45 




^0 1 


124 


38 0 




+ 0 14 


IM 


37 40 




-0 6 


125 


38 £5 




+ 0 39 


113 


37 45 




-0 1 


126 


37 35 




-0 11 


114 


37 40 




-0 6 


l«7 


35 55 




-) 81 


115 


38 5 




+0 1» 


Its 


39 0 




<fl u 


116 


38 14 




+0 89 


1S» 


87 8 




-0 41 


117 


87 65 




+0 9 









The magnitude of these disturbances is so small as to leave it almost doubtful 
whether any correction ong^ht to be applied for them. There is evidently no need 
for correction when the place of tbe compass is far removed from the side of tbe 
basin, as it was in all positions of tbe compass except at4Station I. The only instances 
of the observations at Station I. in which corrections for local disturbaiioe are ap- 
plied arc the following x 

Nos. 1, 2, 3, 4, 6, 8, (nearly in the poflilion of 105) + 0" 20' each. 

No. 24 (near the place of 1 lO) - 0° 50' each. 

No. 25 (III rcn 120 and 121) - 0' 25' each. 

No. 33 (near 106) -f 0° SO* each. 
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II. Asimuths of tbe ship's head and distarbaiice of the eompass on the lower stage 

floor at Station I. 

The duamey having been otieerred with the telescc^ carried by the sptndle 

mounted on the compass, the. reading of tbe compass card was at lint ocpressed in 
the azimuths or amplitudes luicii by nautical men. This was then converted into 
azimuth reckoned trom tbe N. throug^h the E., S., and W., to N. proceeding fi-oiu 0* to 
360°. Then the correction for index error of tbe telescope was applied : then the 
correction for locality, and then (if necessary) tbe correction for local distnrbanoe. 
The asinmth thus <M>rrected would have been 37* 46^, had the sbipcansed no ^Usturb- 
ance. The eaccess of the corrected aiimuth above 37" 46' is set down as the distnrb- 
aaoe of tbe compass by the ship ; the sign -f denotes that the asimutb appears too 
great, or that the needle is deflected to the left. 

The funnel of the steam-ship having been observed in tbe same way, its apparent 
azimuth, as affected by tbe ship's disturbance of tlie compass, was found in tbe same 
manner (omitting the correctioB for locality) : correcting this for the disturbance 
(already found), the true aiunath was obtained. 

In this manner the following table was formed. 





True uimiith of 


I>utiurtMUtc« of 




Tnw •zunuh ot 


UuturtMncc uf 




0 / 


-16 50 




1 35 


+ 40 45 


1 


SOS s 


19 


S 




-2a 45 


20 


19 25 


+ 51 20 


3 


2-20 0 


-23 20 


21 


38 25 


+ 50 50 


4 


930 0 


-30 5 


22 


67 45 


-t-4fi ao 


5 


24© 50 


-34 5 


23 


76 55 


+ 39 13 


6 


^48 50 


36 40 


24 


93 10 


+ 33 5 


8 


io6 4 


-40 i 


25 


109 0 


+ 26 40 


9 


267 44 


-44 


26 


12.5 50 


+ 19 40 


10 


S76 IS 


-47 M 


S7 


142 10 


+ 11 55 


11 


fS« 57 


-««7 


ts 


m li 


•f 4 SO 


la 


«9t 17 


—St M 




171 5 


- 1 85 


IS 


894 0 


-S8 45 


ss 


189 45 


-11 0 


14 


300 35 


-64 £0 


31 


202 5 


-16 45 


15 


308 0 


-53 SO 


32 


220 2i 


— 25 10 


16 


313 47 


-54 3 


33 


248 55 


-37 50 


17 


381 40 


—50 10 


34 


278 15 


-48 25 


18 


aas as 


-as • 









No. 7- inadvertently omitted in the numeration. Tt will be remarked that the 
general po.>?itions of the vessel's head from No. 1 to 1 1 coincide nearly with those 
from No. 3U to 31. The following points are worthy of attention; Ist^tbat between 
Nos. 18 and 19, upon changing the position of the venel^t bead 23% the disturbance 
was altered 74% so chat the cbaage of the Tessera position appeared on the compass 
card to be neaily97°; 2nd, that the imudniom of Uie positive errors is distinctly leas 
tiian the maximum of the negative errors. The latter remarlc will be found to bear 
in an important degree on tbe theoretical explanation of the errors. 
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III. DtotiulnBee of the eompan on tfae lower stage floor nt StatioQ II. 

The operation is in evciy respect the same m the laet, except that no oorrection 
was applied for local dletorbonoe. 



No. of 


True asmiith ui 
*bip'» bead. 




j No. of 
obMrratioa. 


True tzimuth of 
tbip'i held. 


Dbturbtnee of 
compaM. 


35 


282 51 


— 21 36 


45 


103 36 


o t 

+ 12 54 


36 


300 4 


-12 41 


46 


124 86 


+ 7 26 


37 


320 49 


- 1 19 


47 


143 57 


+ 1 26 


SH 


340 7 


+ 9 31 


48 


163 16 


- 4 16 


39 


353 48 


+ 15 4 


49 


179 6 


- 9 6 


40 


11 26 


+ 18 34 


50 


203 1 


-16 16 


41 


31 14 


+ 19 46 


»l 


892 21 


-21 51 


4S 


49 47 


+19 51 


M 


244 56 


-26 26 


4S 


67 8 


+18 IS ! 


1 63 


667 46 


-64 16 


44 


M 1 


+ 14 59 j 


i 







IV. IMsturt»ance of the compass on the lower stage-floor at Station II., when the 

«tt'a!Ti and the bfilrrs rmd fn^^'tne hot. 



No. of 


True azimuth of 


Disturbance of 


1 No. of 


Troe adwBih of 


Disiurliaiicf of 


obtemtiaii. 


ihip'i hod. 




1 obicrratioii. 




ibip'i bold. 


OOlupMt. 




« t 
279 I 


« f 

-21 31 




99 I'l 




90 


98 


+ 19 


91 


896 36 


-13 6 


99 


115 126 


+ 11 4 


92 


31.i 54 


- 4 54 


100 


143 86 


+ 34 


93 


Sis 6 


+ 3 54 


101 


174 21 


- 6 21 


94 


854 26 


+ 12 34 


102 


218 86 


-20 26 


9S 


14 36 


+ 16 54 


lOS 


646 41 


•-sa 11 


96 


37 41 


+ 19 49 


164 


676 1 


-66 1 


97 


66 66 


+16 34 









If these disturbances and tiiose of the last Table be constructed graphically, the 
asiniuth bdng taken as abscissa, and the disturbance of tfae eompass as ordinate, and 
if a curve in each case be drawn through the pointy it will he found that the carves 
do not sensibly difler. It appears therefore that no sennble part of the disturiianee 
depends on the state of beat of the engines. 

V. Disturbance of the Compass on the Lower Stage Floor at Station III. 



No. of ob- 


Trne Kinittk 


OiMurbance 
af«npaii. 


Na of ob- 
servation. 


True autDiith 
of ihip'i head. 


Diaturbanee 


54 


(274 11) 


- 19 41 


64 


93 11 


O * 

+ 11 49 


55 


(310 24) 


- 13 24 


65 


ISO 36 


+ 7 54 


56 


311 18 


- 4 18 


66 


139 46 


+ 3 44 


57 


324 86 


+ 2 49 


67 


163 9 


- .1 9 


58 


340 51 


+ 7 39 


6h 


1H7 9 


- 10 39 


69 


2 34 


+ 11 56 


€9 


216 6 


- 18 21 


60 


22 16 


+ 14 29 


70 


235 n 


- 21 41 


61 


38 11 


+ 16 19 


71 


2o9 59 


- 24 29 


6S 


6Q 34 


+ 15 26 


72 


275 41 


- XI 41 


63 


61 36 


+ 13 24 


1 
i 







Digitized by Google 



yOR OOaRSClINO TBB COMPAW IK IBON-BUILT 8HIF8. 



175 



it ia conjectured that the azimuth in No. 54 ought to be increased lO*', and that 
in No. 55 <M^t to be dimintebed 10^ s and the sabieqiieiit caleulations are made on 
this suppoaitioD. 

VI. INstorbaiice of tiie Compatt on the Lower Stage Floor at Station IV. 



lfa.^ofob- 


True ufaDoth 
ofiUp'ahatd. 








DistubttiM 


73 


27& si 






8f 




+ f 9 


74 


S91 6 




i 6 


83 


ISA 6 


+ 3 54 


75 


321 6 


+ 


0 84 


84 


146 46 


- 0 46 


76 


330 36 


+ 


8 £4 


85 


170 16 


- 6 16 


77 


347 & 


+ 


8 £4 


86 


198 1 


- 12 31 


78 


3 41 


+ 


9 49 


87 


219 36 


- 15 21 


79 


16 46 


+ 


10 14 


88 


245 9 


- 15 39 


80 


49 54 


+ 


7 36 


89 


864 84 


- IS 4 


81 


66 59 1 + 


6 1 


1 





The arimuth or the diatorbance in No. 75 appears to be wrong. It ia not nwd in 
the rafaaequent caleolationa. 

(To avoid confoiion, I shall defer to a sobaequent part of this paper the aocount 
of the distorbanee of the compasi on the apper stage floor.) 

VII. Times of Vibration of a Needle snspentied by u Silk Fibre near the Level of the 

Lower Stage Floor. 

8 

On shore 30 vibrations were performed in 140*6 

At Station I., the ship's head being N., the time of 30 vibrations was . 300*5 
the ship's head being the time of 30 vibrations was . 1 19*5 
the 8hip*s head being S., the time of 80 vibrations was . 103*6 
the ship's head being W., the time of ao ribrations was . 188*9 
At Station II., the ship's head being N., the time of 30 vibrations was . 166*3 
the ship's head being E., the time of 30 vibrations was . 129*7 
the ship's head being iS., the time of 30 vibrations was 120*8 
the ship's head being W., the time of 30 vibrations was . 157*3 

At Station III., the ship's bead being N., the time of 30 vibrations was . 153*4 
the ship's head bong ^ the time of 80 vibrations was . lso-2 
theihip*slieadbehigS.,tbetimeof80vibiations was . 121*7 
the ship's head being W., the time uf 30 vibrations was . 158*5 

At Station IV., the ship's head bein c: N , the time of 30 vibrations was . 147*8 
the ship's head being E., the time of 30 vibrations was . 130*7 
the ship's head being S., the time of 30 vibrations was 128*8 
the ship's bead bebg W., the time of 80 vibrations was . 1 72 3 
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Vni. Observations with Dipping Needles on board the Ship, near the Level of the 
Stage Floor at Stations I., III., IV., the Needles vibrating in the Vertical Plane 
pMsin^ tfaroagli the Ship's Ked. 

(The dipping-needle employed at Station I. is a suiail needle of very fine workuian- 
sbip, by DoLLONo, lent by Mr. DoiMW for the experiments. Its dip on shore ap- 
peared to be 79" 4<y. 

The dipping-needle used at Station III. is a hurger needle, by Jomt, lent by Mr. 

CiiHrsriB. Its dip on aibore was about 69° Idf. 

The dipping-needle employed at Station IV. is an exrellcnt needle belon^nni,^ to 
the Admiralty, made by Dollond, of intermediate dimensions. Its dip on shore was 
about 69*" 35'.) 

The letter H denotes that the dip was towards the head, S that it was towards the 
stem. When the number of degrees exceeds Wf the needle is dipping on the side of 
the vertical, oj^ite to that denoted by a nnmber of degrees less than 90. 



No. o( oh- 
■matiM. 


Azimuth of 
•Up'theuL 


Dip at 
Station I. 


I>ip at 
Smtion III. 


Dip at 
Station IT. 


35 


i&i bi 


78 bO S. 


89 35 H 


89 20 H. 


36 


300 4 




83 21 


79 5.^ 


37 


320 49 


87 20 S. 


78 0 


78 42 


38 


340 7 


89 25 H. 


72 6 


69 10 


39 


iS3 48 


8S 10 


71 37 


68 10 


40 


n CS 


8S SH. 


71 W 


67 IS 


41 


31 14 




74 47 


CO 82 


4S 


49 47 


8S 10 


79 4« 


S5 17 


43 


67 3 


82 30 


84 59 


85 35 n. 


44 


85 1 


78 20 


92 18 H. 


b8 20 S. 


45 


103 36 


72 15 


79 3 S. 


78 50 


46 


124 26 


68 0 


71 53 


67 0 


47 


H3 57 


64 55 


66 58 


61 30 


48 


163 16 


61 bO 


C3 28 


58 25 


49 


179 6 


61 5 


62 28 


58 10 


50 


203 1 


61 50 


63 55 


58 30 


51 


222 21 


64 40 


68 40 


68 22 


58 


244 66 


68 S6 


75 10 


69 5 


53 


267 46 


74 5 S. 


83 43S. 


79 32 S. 
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IX. Obiervatioiis with dippiag-needlM near the level of the stage^oor at Stations 
I., IIL, IV. i the needles vibrating in the vertical ptene transveise to the sbip*s 
lieel. 

(Hie needles are the same as those med in tliebMt experiments.) The letters, de- 
notes that the dip was to the starboard, L. that it was to the larboard. 







Dip At 
SiWHi L 


fly 

StttHMilIL 


St^lV. 


M 


asl I'l 


7i s6s. 


74 4S8. 


76 8 8. 


M 


SOO f 4 


79 SB 


76 16 


70 38 


5S 


811 18 


83 30 


78 15 


77 85 


57 


324 26 


85 30 


81 30 8. 


80 58 


58 


340 51 


69 5 S. 




87 58 S. 


59 


£ S4 


86 0 L. 




8je 15 L. 


60 


«2 16 


80 0 


79 16 L. 


69 38 


61 


38 n 


76 15 


73 26 


68 57 


6* 


60 34 


73 40 


68 8 


61 40 


63 


81 36 


69 10 


66 89 


60 46 


64 


93 11 


71 0 


66 IS 


60 48 


65 


liJO 36 


72 30 


68 &4 


68 85 


66 


139 46 


76 0 


78 56 


68 40 


«7 


ICS 9 


7S M 


79 SO 


78 58 


68 


187 9 


87 40 L. 


89 3 L. 


89 50 L. 


69 


tl$ 6 


85 0 S. 


8S IS 8. 


83 45 8. 


70 


235 11 


81 35 


77 60 


73 25 


71 


259 SO 


78 55 


74 32 


69 40 


i ^ 


2 7.:' -11 


7:-^ .'iO 


74 40 S. 


By -10 i^. 



(The obserratiotKs with the dippiog-needle and large magnets on shore will be de- 
ferred to another part of this paper.) 

Section ltl^7%eary qfAubwed MagiwHm. 

Tbt: luuduiuentat supposition of the theory on which I shall found the calculations 
in the folloiHng pages is, that, by the action of tenestrU magnetism, every particle 
of iron is converted into a magnet wfaose direction is parallel to that of the dipping- 
needle^ and whose intensity is proportional to the intensity of terrestrial magnetism: 
the upper end having the property of attractuig the north end of the needle^ and the 
lower end that of repelling' it. 

■ It would have been desii ililf to make t!ie calculations on Poisson's iheorj', which 
undoubtedly possesses greater ciuiins on our attention, m a theory representing ac- 
nmldy the fiusts of some veiy pecnlhw cases, than any otiier. The dlttenlties, how- 
ever, in the application of that theory to com|riicated cases, are great, perhaps insn- 
penble. And in ordinary cases, the simpler theory that I have mentioned will give 
the same comparative though not the same absolute results. For instance, Pors«oN's 
theory explains the near equality between the attmrtion of a sphere or thick shell 
and that of a thin shell: the simpler theory does not explain this near equality; but 
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the shell being given, it enables us to compute its comparative effectJ* in different po- 
sitions as well as Poisson's. In tbe case of a spheroidal mass of iron, the result 
similar. And as far as giving a general agreement between the reaalts of calculation 
and the oomparadve effects of f^ven masses in diiferent positions, the theory appeais 

sufficiently accurate. 

Let the placo of the rompassbe the origin of co-ordinates : let A be the azhmith of 
the ship's bead, mcasiu td trum the magpnetic north towards the east : a the azimuth of 
any particle measured from the ship's liead ; so that A + is the azimuth of that par- 
ticle from the north. Let & be the angular depression of the parUcle. Then if r he 
the distance of tbe partide from tiie compass t «» jf* », tiie ordinates towards the north, 
towards the east^ and vertically downwards ; We diall have 

« = r . cos b . cos A -f fr, Jf ^ • cot ft . sin A + a, s s r . sin 5. 

Let I represent tbe intensity of terrestrial magnetism, i the dip, m a constant depend- 
ing on tbe mass of the particle, 2 / the length of tbe small magnet into which it is 
changed. Then the ordinates of that end of the small magnet which attracts the 
north md of the needle mil be 



Its distance (omitting the squares, &c. of 0 = ^ {r^ — 3/«cos) 2/x8tot} 



And the resolved parts of its attraction (supposing the whole attraction invcrsdy as 
the power of the distance) will be^In the direction of s. 



=s r — y (jrcosi -1* ^ Bin 2). 





In the direcdon of jr. 





In the directicm of 




3 — ? sin S 
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In iikc inunncr, tlie repulsive force produced by the other end of the small magnet 
irill b^In the direction of t 

_ -i' r . I cos 8 , : — - j-coaS -•■ ^.sinS") 

«i'«^iHn{i + '--i — p j- 

In the direction of ^ 

Id the direction of z 

The diSbrence beCweeo the attractive and r^alaive forces, or the tme ditturbiog 
fiwoe, will be— In the direction of x. 



- Ico8 8.^^ + Ico««. ^s^rj Hlsma.^ 



la the direction of j/, 



In the direction of », 



-I8in).pirri + I<»«^- — ^^TTi + ^^r+a ■ 

These are expressions fur the disturbing forces produced by a single particle. To 
find the distnrbiug forces prodoced by the whole of the iron in the ship, we must 
take the sum of these expveadons for every particle hi the ship. EqifiesBing this 
summacioa by the letter S, m have tiie whole disturbing forces as follows : 
In the direction of 

— I cos 3.S + Icoso.S ^4.^ ■■ " -t" Isino.o — . 

In the direction of //, 

Icos>,S ^ - + l8in>.S- ^> 

In the direction of z, 



- 1 sin >.S ^ + 1 cosl.S^i^^;i^i2i:^+ Isin^ S 

We will now transfonn these foimnbe by snbstitotiiif for x, y, and z, their values m 
terms of r, A,<^and&. And we u^ suppose the compass to be in the Twtioal plane 
pasdnif tiirongfa the ship's keel, and tiie arcangement of the iron on both sides of that 
plane to be symmctricaL Then 

piTi= F+1 = a^;jrn + T;sHri(ooeaA.ocs9«-sfai2A.slna«). 

2a3 
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But 

pTfl » or«iii2A.S -, 

will evifJontly = 0, because for the same value of /, m, h, and r, there will be two 
values of a, one positive and the other negative. Hence the term 

2.n + 1 Am.x* 



will become 



^ ?rFr 

» + I .» — |-«w3A.M-f 1 .S p;:pT . 



The value of » 



in which, f6r the same veasoDj the term sin A . sin a is to be ngected. Hence the terra 

* ,^+3^ 

will become 

cos A . 2 . i» + 1 . S -•. 



Tbeyalneof is 



1 cos* b (sin gA.co«aa H-cosgA.siogg) 

a i»n • 

Hence the term 

s- — pr+a — 

will become 

/ m . cos* b . cos 2 a 



sm2 A.n + 1 .S -^^^ 

The value of is 

Hence the term 



will 



sin A . 2 . M + 1 . S p,^ 1 



The value of is prn* v^hich admits of no fiirttier reduction. 
Hmce the expressions for tibe whole dbtnrbing forces are, — In the direction of 9, 
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— cml j S ^jip — « + 1 . S + 1 cosi . cos 2 A . » + 1 . S pj^i 

, * * % 4 „ — n g- tw. M P ft .cos ft. w 
4-Iaiiio.co8A.2.n+l .S 

la the direction of ^, 

loots. and A. 1 ■ + Itui«.sinA.a.ii + l.o j^jqp^ 

In the tiirection of a, 

^ fo - - . . „/m.»in*61 . , % . . « o^"*^>Dft*cosft-<^<> 

— l8inX.>j S^^— 2.11+ 1 .S-j|j^i— > + Ico«i..co8A.2.«+l.S jyps • 

Let 

S *l» ^ . . o /«.005*ft _ w 

_ - ■ . ^Im.siab. cos ft . cos a _ , 

2,11+1 .S = N 



«+l*S pTFT 

S;i+i-2.n+ l.S-;];^ = Q. 

The four quantities M, N, P, Q, are them constant, dependiog solely upon the con- 
st nirt ion of the ship, not changing with any variations of terrestrial locality, or of 
ni Lgnetic dip or intensity. Then the disturbing forces (always estimated by their 
action on the north or marked end of the needle) are 

Towards the magnetic north — I cos 8 . M + 1 cos X . P . cos 'J A + T sin i . N . cos A. 
Towards the magnetic east . I cos ) . P . sin 2 A + I siu ^ . N . siu A. 
Vertically downwards . . . — I sin i . Q + I cos i . N . cos A. 

Before transforming tliese into another shape, we will consider the construction 
which they indicate as proper for the correction of a compass disturbed by the in- 
duoed magn^^iit only of the iron in a ship. 

The <nily force which it is necessary to destroy is that directed to the east, or 

Icos).P.sin2A + Iaiii>.N.sinA. 

In the usual cases (at least for wood'bttilt ships) P and N will both have positive 
vdaes ; the iron bdng supposed to lie almost entiiely on one aide of the compass 

(so that cos a and cos 2 « are almost always positive), and being almost entirely at a 
lower Irvcl than the compass (so tliat sin b cos b is almost always positive). 

Si][)[n ist now wc find a mass of iron, which when placed at a certain distance and 
a certain depression, and in the same azimuth 8S the ship'is be<id, will produce the 
same distnrbanoe of the compass. (Tliis is the method of determining the distance, 
9k, for Bablow^s plate.} Then this mass, in the asimath A, prodncn the dlstorbing 
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force to kbe east, Icos^.P.ainS A + Itint.N.ain A} and therefore In the azi- 
muth A' it produces the disturbing force to the east, I cos ^ . P . sin 2 A' + I sin ) . 

K . sin A'. Suppose now that tlic mass is placed towards the stern of the ship (or 
on the side opposite to (hat in which the ship's iron is, for the most part, situated), 
but at tin* same distance and depression as those already determined. (This is the 
rule for applying Barlow's plate as a partial corrector.) A' must now be made — A 
+ 180^; and the distarbini^ force prodoced by the mass is now I cos ) . P . sin 2 A 
— I nn ) . N . sin A. Combining this with the disturbing force produced by the 
ship's irouj the compound force is reduced to 2 I cos 2 . P . sin 2 A ; that is, one of 
the terms expie>;«inL' the disturbing force is destroyed, and the other is doubled. 
Whether thisehaiifre ot the force is advantageous or prejudicial, will depend not only 
on the value of i (the dip), but also on the proportion between the values of N andP 
(that is, on the way in winch the iron b dBstribnted with regard to deration above or 
depression below the compass, and with regard to tlie manner in which it sorrounds 
the compass). 

Let us consider, for instance, the case of a long wood-built steam-boat, with a com- 
pass on deek or in a cabin It is probable that the iron of the engines and funnel 
may be pretty equally distnt)uted above anil below the level of the compass. Here 
sin b . cos b has us many negative as positive values, and therefore N = 0. But 
cos 9 a is always positive, because tlie azimuth of any part of the Inm from tlie ver- 
tical plane passing through the Iceel does not amount to 45^ and therefore P is pon- 
tive. Gonsequently in tliis instance the appttcation of BabioVs plate doubles the 
error of the compass. 

Yet it is possilile in any case to destroy the disturbing- force entirely. Suppose that 
li u i jw's plate is fixed as above mentioned, and that the disturbing force h therefore 
2 i cos 2 . P . sin 2 A. Now let a second mass of iron be introduced, with its centre 
at the same level as the com|mss, and in the aximnth A*. The general expression for 
the foroe whtdi it produces is 

I cos ) . F . sin 9 A" + J sin » . N" . Bin A*. 

But N" ss 0 (because there are as many n^ative Talues of nn&.cos A as there art 
positive). Combining this, then, with the force produced l)y tlie ship's iron and by 
ttie Bariaw's plate already mounted, the whole force is 

I cos i . (2 P . sin 2 A -H P" . sin 2 A"). 

Now this quantity may be made ss O by malting A" as A ^ 90% and P" s 9 P t for 
then 

•hi3A" = Bin(2 Ad: 180°) s - Bin9A, 
and the second footer becomes 

9P.Bin9A~SP.sin3A. 

Hence we get the following simple rule for the perfect correction of the oompan. 
1. Determine the portion of Baslow's plate^ with wtguA to the compaH^ which 
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will produce tlie same effect as the iroa in the sljip. (It will be sufficient if when 
placed on the £. side it produces the same effect as the ship when the ship s head is £.) 

9. FixBAMunr*s plate it the diitanoe and de|»e8»ion determiDed by the last ex> 
perimenty bat in tiie o|»poeite aaimuth (or towards the ship's stem). 

a. Moimt another mass of iron at the same level as the compass^ bot on the star- 
board or larboard side, and determine its position so that the compass shall point 
correctly when the ship's head is N.E., S.E., S.W., or N.W. 

Then the compass will be correct in all positions of the ship's head, and in all tuagt 
netic latitudes. 

When the disturbing iron of the ship is at Hie same leni as the eompass, the cor- 
rection is much more dmpie. It is only necessary tlien to introduce a wngle mass of 
iron at the starboard or larboard side, md at the same level as the compass. For the 
ship*s disturbing force is then 

ico6).P.8in2 A, 
and the force produced by this masn U 

I cos J . F'. sin 2 A"; 

and if A" = A + 90", tlic sum of these terms will be 0, provided F* as P, tbedistance 
for which condition will be easily ascertained by experiment. 

In general it may be remarked, that if one mass of iron is placed exactly opposite 
another equal mass, both in azimuth and in elevation, it doubles its disturbing effect; 
if one mass be placed opposite the other in asimnth and at the same elevation or de- 
presmon, or if it be placed in the same aaimuth but iritb elevation instead of depres- 
sion, or vice versd, it destroys that term of the disturbance which depends on sin A, 
and doubles that which depends on sin 2 A. And if one mass be placed at tfie same 
level as the compass, its effects may be destroyed by placing another mass at the same 
level, iu azimuth differing 90° on either side. (This conclusion, for spherical masses, 
was also c»btained by Foissomt.) To this we may add, that if a disturbance, from 
iriiatever cause ariring, follows the law of -|- sin 2 A (chai^h^ rfgn in the suc- 
cessive quadrants, and positive when the sfaip*s head is between N. and E.)» it may 
be destroyed by placmg a mass of iron on the starboard or larboard sid^ at the same 
levf l as the compass ; if it follows the law of — sin 2 A, the mass of iron must be on 
the foie or aft side. 

The form of Uahlow's plate appears objectiuuable, in so fur as having its broad side 
turned towards the compass, it occupies a considerable arp of acimuthr and cos 2 a 
may therefore (for some parts of it) be small or n^ative. A plate of iroa rolled into 
a scroll, and placed with its end directed towards the compass, appears better; but 

I prefer a long box fdled with iron chain, as less likely to possess the permanent 
magnetism, from which no plate iron is free ; its end should be directed Cowards the 
compass. 

I trust that in the preceding remarks on the imperfection of Barlow's plate as a 
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corrector, I shall not appear to have treated Mr. Barlow's construction with harsh- 
ness. I can truly asaert that mj feelings and my intentions are of a Tory difierent 
character. To Mr. Babmw we are inddiCed for almost all the experimental know<- 
ledge which we poesces on the subject of the disturbance produced by masses of iron; 
the use of bis plate as a anrector was avowedly proposed by him as imperfect ; and 
it requires no great experience in the pursuit of pxperimental and practical philosophy 
to learn to venerate the man who makes the liiist step in devlsine: a construction ap- 
plicable to a given purpose. I must not omit to add, thui Mr. Barlow's plate cor- 
rects that part of the disturbance which is most important in the most critical dr- 
cumstanoes, namely, in the high magnetic latitudes. Without Mr. Bauaw*b pro- 
posed construction I should never have arrived at tbe more pwfiect construction 
described above ; with it the invention of something more perfect was easy. 

We will now resume the consideration of tbe expressions for the disturbing forces 
produced by the ship. 

The first term in the expression for the disturbance towards the north Is constant. 
It iq>pean tlierefore that if M be positivcj the alMolnte ^reetive force on the needle 
will be, on tbe whol^ diminished. On examining the expression for M it will be seen 
that its value is greatest (for a given mass of iron at a given distance) when the iron 
Is immediately above or below tbe compass, and that it is least when the iron is at 
the same level as the compass. It is proper therefore that both in the construction 
of the ship and in tbe fixing of correctors, no large utass of iron should be placed 
below tbe compass. 

*Vb» expresnon for disturbing force towards the ship's head it, 

Gce A X force towards north + sin A X force towards east, 

= I cos). (- M + F) cos A + I sink. N. 

Tbe second term of this expression is independent of tbe porition of the ship, and 
therefore cannot be distinguished, in experiments made at any one locaUty, from per- 

manent magnetism. But as it contains the factor I sin i, or tbe vertical force of ter* 
restrial mag^netisin^ it may be discovered from experiiiieiUs made in different localities, 
where the magnitude of the vertical force diffet s much. 
The expression for the disturbing force towards the starboard side of the ship is 
cos A X force towards east — sin A x force towards north, 
= I cos i . (M -j- P) sin A. 

It will be convenient to remember that M is the coefficient on which the absolute 
diminution of the direetive force depends i tiiat N is tbe eoefficient upon which de- 
pends ttie force similar to permanent magnetism ; and that P is the coefficient upon 
which depends the tiwisversal force changing sign in the successive quadrants of 

azimuth. 

It will also be convenient to remember that M is largest when the mnt^s of iron is 
below, and may be negative if the mass of iron is nearly at the same level ; that N 
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will vanish if tlw mam iiwi is ntarljr at the tsnie level w the compass, or may 
vaniah tnm the cppositjoa of diffixent masMS in a^nUi irhite thdr dcpressiaii is 
dndlar { and that P will vanidi if the mass of iron is below, or may vanish firom the 
opposition of efiecC produced by mattes in asimnths diMng Wf, but that masses in 

opposite azimuths combine to increase P. 

It may now be desirable to consider the modifications produced in the horizontal 
forces by, the heeling of the ship. The pitching causes a variation in the position of 
the keel attemalefyiD one dhection and in the oppodle, audits effiMSls may therefore 
probably be n^lecledi bnt the heeling frequently oontinues in the same direction 
for many hours or days» and therefore it will not be safe to omit it. To rimplify car 
eKpressioos, we will suppose the angle of heel to be not ?ery great. 

Let the difTcrent particles of the ship be referred to the place of the compass by 
means of the angles a and b as Ijefore, but let a be the azimuth of any particle from 
the direction of the ship's keel as measured in a plane parallel to that of the deck, 
and 1st ft be the angleof d^resdom as measured, from the plane parall^ to the deck, 
towards the line which Is normal to the deck. Tbca a and b are independ^ of the 
dup*s heeling. Let k he the angle of heel towards the starboard aide ; and sof^pose 
h so smaU that its sqoare may be neglected. Then we have 

jr as r . eos ft • cos a . COS A ~ r . cos ft . sm a . sin A + un A . r . un 6 . sui A. 

y ss r .eosft. cosa A +r .cos ft .^a.cos A — sin A.r . tinft .cos A. 

«=r.dnft + sinA.r.oosft.shia. 

The new term introdneed into Is 

sin A . 9 r* { sin ft . cos ft . cos « . sin A . cos A — sin ft . cos ft . sin « . sln^ A} , 

and therefore the new term introdneed into 



will be 



I cos d . 8 ^T+I 



smA.IcoB9.8in9A.S =smA.Icosa.N.BinaA. 

The new term introduced into x z will be 

sin A . r* {cos^ 6 . sin a . cos a . cos A — cofi^ b . sin^ a . sin A + sin* b . sin A}, 
and therefore the ucw term iulroduced into 



Ism».S jiTM ^ 

wmhe 

sInA.IsmftvamA.S — V*-^* ' ' 

Let 

e S«ii + I m (do* ft — cot* h » wn'fl) « 
S ^^yqn 'asRs 
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(it is easily seen that R =s M 4~ ^ — Q) ; term iotroduced into 

Isma.S ^jf^rs If 

sin A . I Bin ^ . R . sin A. 

Hence the whole addition to the force towards the mn^^etic north is 
siu h . I cos ^ . N . sin 2 A + sin h . Isiuo . Li. sin A. 
The new term introduce<l into xy is 
sin /( .r2 {— sin 6. cos 6 .cos a (cos'* A — sin- A) 4- 2 sin A. cos A . sin a .sin A . cos A}, 
and therefore the new term introduced into 

I COS § . 8 jj^ J * 

will be 

— SlllA.ICOS0.CO82A.S jiif^pT = •~'MIIA.IC08$.N.C062 A. 

The new term introduced into ly z is 

sin h . r- {cos^ 6 . sin a . cm a . sin A -f cos^ b . sin- a . coa A — sin^ b . cos A}, 
and therefore the new term introduced into 

ISliK.5 pnjTi 

Vill be 

sinA.Innd.coeA.S "7*+^ ' — R''** A. 

Hence thr wlmle addition to the force towards t!ic iii;ii;netiu eiist is 
— sill // . I cos J.N. cos 2 A — sin /t . I sin d . R . cos A. 

Combining the expiessiuns just found with those found in the first investigation of 
forces, we have tlie following : 

Whole disturbing force to magnetic north = — I cos J . M -|- I cos J . P . cos 2 A 
+ I sin X . N . cos A -f sin h \ I cos ^ . N . sin 2 A -f I sin J . R . sin A}. 

Whole disturbing force to magnetic east — 1 cosJ. P.sin2 A + Isind.N .sin A 

4- sin A .{ — I cos J.N. cos 2 A — I sin J . 11 . cos A}. 

Transforming these into expressions for the forces in directions related to the direc- 
tion of tlie ship's keel, we have 

Whole disturbing force towards ship's head 

= — I cos J . M . cos A -f- I cos J . P . cos A 4- I sin S . N -f sin h . I cos J . N . sin . A. 
Whole disturbing force in the horizontal plane, towardh tliC starboard side 
= I cos J . M . sin A -f- I cos i . P . sin A -f sin /i {— I cos J.N. cos A — I sin J . R}. 
We have alreadj shows how the terms independent of A (except those multiplied 
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by M) may be ueutraiized. One part ui the operation was, to place att the compass 
a maM of iron which if in front nt the compBis vonid have gi?en the lune Talne of 
N which the sidp gives. Now when this mass of iron is fixed aft» we may either re- 
gard it as an additional part of the ship in the same azimuth A and havinj? the same 
angle of heel A, but giving a constant N negative in magnitude by reason of the factor 
cos a — cos 180° which enters into its formation ; or we may regard it as a now mass, 
with positive coefficient N, with azimuth A + '^O*", with ang:!e of heel — //, and whose 
action is estimated in the resulting expressions us towards the a/imuth A 4- 180° or 
from the ship** head. In eitber way of considering it, we find that by the prooeas for 
neuttaltsing the term depmding on N when the ship is not heeiing, we have also 
nentmiiied the terms depending on N when the ship is heding : and these terms may 
at once l>e put out of consideration. The only term^ therefore, which remains to be 
oonsidered is the following : 

Disturbing force in the horizontal plane towards the starboard side, depending on 
the ship's heeling, = — sin A . I sin ^ . iL 

For the gweral correction of this term, no easy method suggests itsdf. Bnt the 
following considerations may serve to show the probability that constraetions already 
proposed for another parpoee will in a great measure correct it. First, with regard 
to the order of magnitude of this term t as R = M + P — Q, it is a term of the same 
order as the others which occur in this investigation (before multiplication by the 
factor sin A), and therefore such ma'^'^es of iron as those which are competent to cor- 
rect the other terms may be expected to be of sufficient magnitude, with proper 
arrangement, to correct tiiis term. Next, with regard to its law as depending on the 
position of the particica of iron : R Is positiva if sin* b occeeds eo^ h . sin* a : hot 
r . sin 6 is the depression of any particle b^yw the compass measored perpendicularly 
to the deck, and r . cos 6 . sin a is the ordinate measured from the plane passing 
through t!ie keel and masts towards the st;irbo;ird side. Hence we find this rule. 
If aline parallel to tlu keel be drawn through tlu < ompass,and if two planes be drawn 
through this line, inclined at angles of 45^ to the plane passing tbi'ough the masts and 
keel, SO that a transverse sectbn of the ship at any place present the section X : then 
all the iron in the upper and lower angles tends to increase R,and all the iron in the 
starboard and larboard angles tends to diminish R. 

The principal part of the ship's iron will probably be in the lower angle, and will, 
therefore, tend to make R positive. Now we have, for correction of the term P, pro- 
posed to place a mass of iron on tlie .starboard or larboard side, at the same level fis 
the compass, it is evident that this iron tends to make H negative, and, therefore, 
tends to correct the effisct of the ship's iron in disturbing the compass while the ship 
is heeling. Whether by varying the position of the mass of iron used to neutralise 
N, and thereby varying the magnitude l>oth of P and of R, it may be practicaUe to 
make this lateral mass of iron neutralize both P and R, 1 cannot say. If it be Im* 
practicable, the accurate neutralization of P is evidently to be secured in preference 

2b2 
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to that of R. In any case, however, it will be possible to neutralise R, or the re> 
maining port of R, fbr any given inagaetie latltade, by placing a magnet in a po- 
rition perpendienlnr to the ahip*B deck» and with itt centre at the iame level as the 
centre of the compass. To secare rigorously tlie latter condition, the place of the 

magnet should be fore or aft the compass. If we suppose the marked end of the 
magnet to be downwards, its action downwards parallel to the mast may be repre- 
sented by — V: and when the ship heelh, its action to the htarboard side will be 
V . sin A : and the whole disturbing force towards the starboard side will, therefore, 
be sin A (V — I sin ) . R), wliich by proper detemiluation of the magnet's distance 
(since V may be increased or diminished in almost any proportion) may be made = 0. 
If R or the remaining part of R is negative, tlie marked end of the magnet must be 
upwards. In consequence of the multiplicutiuu of one of the terms by sin the ooi^ 
rection thus made will be good for only one msignctic latitude. 

The proportion whicii the term i>iu /t . I sin 2 . R bears to the directive force or 
I cos i, being expressed by the fmction sin A . tan ) . R, it is evident that this term, in 
high magnetic latitudcB, may beooaw impoitaat. I would, therefore, recommend 
' that, when qtportnnity serves, an attempt should be nmde to determine the pondon 
of a magnet which will neutralize II. This can be done, so fkr as I see, only by trial 
with the ship's masts eonsiderably inelined. Such an operation would (irobably 
be too troublesome in ley seas: but it might be possible to make the necessary ob- 
servations in Engtuud, and then (by trial of the puwerii of the magnet at diilert-nt 
distances) to deline the relation between the distance of the magnet and the dip of 
the dipping needle, so that, knowing the dip, the magnet could be placed at once in 
the position in which it will nmitralise R. A graduated slider to carry the magnet 
would make the practical use of this method very simple. 

Section W.-^ComhauHon of Mueed MttgnHim with Perauuunt Magnetism. 

It is supposed in the following investigations that the existence of permanent nmg< 
neUsm produces no modification In the induced magnetism, their effects bdng simply 
combined by algebnucal addition. 

Whatever be the number or direction of the magnets entering into the compodtion 

of the ship, their effects on the compass may be represented l)y three foices : namely, 
one dirrcted to the sbi[»'s head, one directed to the starboaid side, and oue vertically 
downwards. We will designate these by the letters H, 8, and V, respectively. 

The resolved parts of the two liorizonlul forces iu the north and east directions 
are respectively H cos A — S un A, and H irin A + S cos A. If wc combine these 
with the expranions foond for the disturbance produced in the same directions by 
induced magnetism^ we obtain expresrions which are rather long and troublesome to 
use. It will be better to use the expressions for the disturbing forces directed to the 
head and to the starboard side. We have then 
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Whole diatorbing force towards the ship's head 

= H + IcosJ . (- M + P) . cos A + Isini.N. 

Whole dtstarbing force towards the starboard side 
= S + lG0«i.(M + P).6inA. 

We shall now point out the way in which the namerical valnes of these quantities 

may be found from experiment. 

A needle, delicately fsuspeiuled, being made to vibrate horizontally, and the time 
occupied by a certain number of vibrations being noted, in a place un shore free from 
local di8turba]ioe» and also in the place of the ship's compass in any position of die 
ship's head, the ratio d the whole intensity of the horisontal force in the place of the 
ship's compass to the intensity on shore (I cos i) is known, being the inverse ratio of 
the squares of the times of vibration. This force, however, is not directed to the 
north, but is in the disturbed direction of the needle of the ship's compass. The 
amount of tlie needle's angular disturbance towards the east hc\ng found by observa- 
tion, the intensity just found must be multiplied by the cosine of the angular disturb- 
ance to give the resolved part of the force directed to the north, and by the sine of 
the angular distnrbance to {^ve the resolved part of the force directed to the east: 
The former of these, diminished by the intensity on shorCfgives (he actual disturbing' 
force to the north : the latter, unaltered, gives the actual disturbing force to the east. 
The disturbing forces to the head and to the starboard side may now be calculated 
numerically, by giving numerical values, to every part of these formulee: 

Disturbing force to head 

= cos A X disturbing force to north -J- sin A X dibturbing force to east. 
Disturbing force to starboard side 

= cos A X disturbing force to east — sin A X disturbing force to north. 

These calculations arc to be made for every position of the ship in which the vibra- 
ions Imve been observed. When A = 0", 90°, 180°, 270°, the factors are 0 or I : 
when A = 45°, 1 35°, 225°, 3 1 5°, the factors are equal in magnitude : in other positions 
of the ship, the numerical expressions for the factors are not so simple. 

The calcnialjons bdng per^Mmed, we have now two series of numbers oorrespond* 
ing to a series of different values of A ; the nuiubem d one series are to represent 
(errors of observation excepted) different values of 

(r^8 + + (- M + P)eos A, 

and the numbers of the other seritti are to represent dilfeieot values of 

j^+(M + P)sinA 
and from these oonditiona the several constants 
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nte to be determined.^ This may be (lone by any of the methods used in astronomical 
or physical inquiries for determining the nuiu rical values of the constants in a i^ven 
formula which will best satisly a number ot equations of condition. The values of the 
constant^ so found, bang snfa^atad fai each equation, tbe agreemmt of the veull 
with tbe number deduced from observation, within tbe limits of errors of observation, 
maj be considiaied as a general proof of tiie correctneis of the tiieory and of tlie ae> 
cora^ of the nnmerieal operation. 

One of tbe constants thus found is + tan t . N. We have no means of de- 
termining separately the parts <^ wblcb it connsts, by observations made at one 
place. In a wood-bnilt ship, where the various irons are laid in all posdble positions, 
and where a great {Moportion consists of cast-iron (which does n<A Bipptae nsoally to 

H 

possess permanent magnetism) it is probalile that the term |-^^ is insignificant. In 

an iron-built &hip we cun conjecture the value of N from the values found for M and 
P; it will appear probable, from tbe subsequent investigations, that N is small, while 

1^ may be very large. 

From the vahies of (— M -|- F) and (M P), tbe values of M and P will be iow 
mediately obtained. 

We will now proceed with the consideration of the means of correcting the com- 
pass, so that its needle shall always p<Mnt truly north. A due oonsideratiMi of tbe 
preceding theory will show that this may be effected by a magnet or combination of 

magnets, and by amass of iron, at the same level as the Compaq's placed on the stai^ 
board or larboard side if P is poisitive, or on the fore or aft side if P is negative. 

Let ir be the force of the correcting magnets directed towards the head; S' the 
force directed to the starboard side ; A' the azimuth of the mass of iron ; P the co- 
effiment for this mass corresponding to P for the ship ; M' and N' will be = 0. The 
forces pradnced by the mass of iron iritt be 

Towards the nortii . . . . I cos ). P. cos 3 A'. 
Towards tbe east . . . . I cos) . P .sin 3 A'. 

From which tbe following are obtdned: 

Force towards the head . . . s:Ioos).F.oos(2A'*» A). 
Force towards the starboard side ^ I cos i . F . sin (3 A' — A). 

And if the piass be on the starboard or larboard side of the compass, A' s A :t: 9(f , 
and the cKpresdons become 

Force towards the head . . . a— I.cosi.P.oosA. 
Force towards the starboard ride s — I.coai.P.nnA. 

Combining these forces and those produced by the correcting magnets with the forces- 
produced by the induced and permanent magnetism of the ship, we have the fol- 
lowing: 
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Disturbing force towards the sliip's heiid 

= (H -f Isini.N + H') -}- Icosa(- M + P-F)co8A. 
Disturbing force towards the starboard side 

= (S + S') + I cos I (M + P - F) sin A. 
The constant terms will be destroyed by making H' = — (H -f I sin i . N), or 




+ tani.N^ and = — i^^i wbich determine (in terms of 



qoantities found from the experiments) the ratios which the directive forces of the 
magnet magnets introduced are to bear to the terrestrial directive force* IfN 
have a sensible value, the value of H' here found is strictly correct for one magnetic 
latitude only. The distance at which a g^ven magnet must be placed will be deter- 
mined on shore by placing it transverse to the nicrulian, and determining by trial 
the distance Irum a compass at which it makes the taugeat of the deviation equal 
to the ratio required. 

In the variable terms, the utmost that we can do is to make P — f = 0, or F s P. 
The easiest way of determiinng the distance of the mass of iron which shall produce 
this effect is by experiment on the angular deviation which it will produce. For the 
effect depending on P only produces a force towards the cast = I cos ^ . P . sin 2 A- 
the terrestrial directive force is I cos i ; therefore the deviation (supposed small,) of 
a compass otherwise undisturbed, is, in terms of radius, P . sin 2 A ; or, in degrees, 
&7*-3 X P .sin 2 A. If A s 4S*, this Is 57*^9 X P. But P is known fimm the experi- 
ments. Hence we have this mle. Havmg a compass on shore, place the mass of 
iron, which is to be mounted for corrector, at the level of the compass* and in asi- 
nnith 45" ; find by trial the distance at which it will cause the compass to deviate 
through 57°*3 x P : that is the distance from the ship's compass at which it must be 
mounted on the starboard or larboard side. 

There still remain uncorrected tlie following forces: 

Towards the ship^s head ~ I cos ) . M . cos A. 
Towards the starlniBrd sid^ I cos ) . M . sin A. 
From tliese we obtain, 

HemtUning disturbing force towards the north — I cos ) . M« 
Aemalii^Bg disturbing force towards the cast 0. 

The direction of the needle, therefore, is not disturbed; these terms express only the 
diminution of the terrc^ifrial directive force of which we have alreatiy spoken. 

If it be desired to currect the compass accnrately for all magnetic latitudes, the 
tuliowing is the course which must be pursued. 

1. From experiments similar to those already described, determine in two different 
magnetic hititndes the numerical values of 

M H 

+ ^* ***** FcM? ^' • ^ • 

and from these find H and N. 
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2. From expciiiiic'iits on a compass on shore, with a mass of iroa not in the same 
level, and in azimnth 90% determiDe a poution in which it will prodnoe the deviatioD 
57^8 X taa).N. This it aposition inwUcb it is to be fiswd in the ship ; on the 
aft tide of the oompass if N is positive, or the fore dde if N is n^ative. 

8. With the mass of iron at that position, try the deviations which it produces OQ 
a compass on shore in azimuth 45" and 13.'}% and take half the algebraical excess of 
the ibrnicr above the latter. This is to be added to the an^lc 57°-^ x V, to produce 
the angle which the other mass on the starboard or larboard bide is to correct. 

4. The magnet introduced as corrector mast hare an iatensity H' equal to — H. 

It may be proper noir to say a few words rdative to the app1ioali<m of onr theory 

to the observations of the dipping-needle, as made on the deck of the Rainbow. 

The resolved part of the terrestrial force |)arallel to the ship's keel is I cos S . cos A, 
and the resolved part vertically downwards is T sin i. Combining these with the 
forces in those directions produced by the permanent and induced magnetism in the 
ship, we have 

Cotangent of dip towards ship's head « ^^t^g^. 



Ic<»8.coaA4-H-fIdn8.N + Ico9 8.(— M-hP)co6A 
' Iml^- V-Iiint.Q + lcwi.N.oMA 

«ote(l -M -I- P)CM A 4 cot» + mt.N) 



— Y — — 

1 +T->— s— Q + ootS.N.cocA 



Let c be the observed ootangent of the dip towards the ship*s beodi the eqoaticn then 
gives 

cot)(l - M + P) cos A + cot>(j^, + tanl.N) ^) 
+ c. cot). Noes A. 

Substitttting in this the values of (— M + P) and (y^ + tan t.N)foiind from the 

V 

observations of intensity, we shall be able to ascertain the values of I + ~~ ^ 

and N. Where the dipping-needle is iooorrect, tlie best value of i will l)e the incor- 
rect dip as shown l)y the needle. 
In like manner we find 

r>^-.M«* ^AS^ ^^Jh^mA .M. _ -Ico88.8tnA4-S-fIcos8.(M -I- P)8inA 

Oitangentordip towards Starboard side = i^^g ■^ V-liiat.(i + lco.t.N.co«A 
-«tl.(i -M-P).8inA + cotl. ^ 



IcosS 
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Let be the obierred ootangmt of the dip towards tbe starbosrd tide ; the equation 
tben gives 

— cotJ(l -M - P).8inA + cotJ.j^^ = c'(i + Q)4-c'.coti.N.cosA, 

wbioh will anist, in the nine aumner as the last^ to give values of 1 + — Q 

and N. 

With regard to the effect of the ship's heeling/ the foltowing investigatioa appears 
snfflcwit Supposing a wnffn^ to be introdnced, parallel to the masts, and with its 

marked end downwards, its effect downwardsand parallel to the masts will be repre^ 
seiited by — V. Combining this with the force V of the ship in the same (llrention* 
and supposing the angle of heel to starboard to be A, we have for the force to star- 
board in a horisootai plane 

sJn h(V'- V). 

Combining these with the forces to in ! in Section III, we have 
Force towards ship's head, depending on the heeling, 

sin A . I cos i . N . sin A. 
Force towards starboard side, depending on the heeling, 

sin A (V - V — I cos i . N . cos A - I sin S . R). 

A*? we cannot eniriire the neutralization of the term N by the induced magnetism of 
another mass of iron, (except by experiments in different magnetic latitudes) we must 
suppose it to exist uncorrected. It is probable that the effect of the forces depending 
on it will not be greM. Thdr proportion to the directive foroe irill be 

(in A .N .sin A for the force to the head, 

and — sin A .N . cos A for the force to the starboard side; or 

— sinA.N.cosSA 

for the force to the magnetic east. This proportion does not increase in the high 
BBagnetilc latitudes. 

The proportion of the remaining force sin A (V — V — I sin ). R) to the directive 

(V — V \ 
Tcos i - tsni. Rj, becomes great hi the high 

magnetic latitudes, and t\m fuicc tlierefore ought not to be neglected. From the 
observatioin with the dipping-needle, as mentioned sAtove, we may probably olkain 
the value of V, or mther V ~ I sin ) . Q,and may, therefore, determuie V so as par> 
tially to neutreliae It. Still the term tan > . R remains : and therefore the correction 

would be imperfect. It would probably be best, therefore, to attempt the correction 
tentativclv (as mentioned before, for wood-built ships). The vessel being placed with 
her head to the north,and made to heel through the angle A, and the place of a given 

MDCCCXXXIX. 2 c 
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nugmt (arrangied as before mentioned) being determined so w to correct any new 
deviation depending on the hedinf, V will ^V + Iooi).N + Iflin).It As we 

cannot easily separate the different terms of this expression, there appears no way of 
providing for the correction in different niafrnetic latitudes but hy trinl in each. 

If V shonid have a sensible magnitude, the principal part of the error of the com- 
pass at any place of the ship, when the ship is beeliug, will depend on V. If it ap- 
pears from other of the investigations, that V is small, we may be assured that the 
deviation depending upon the ship's heeling will not» except in high btltudes, be very 
great. 

Section V. — Application of the Thewy to the Observations made in the Rainbow, 
As the disturbance of the compass was not observed in the experiments for intensity, 
it hus been intei fiolated graphicsUly between those previously observed. From the 
times of vibration given in Section II. the following numbers are computed by the 
meOods of Section IV. 
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It is impossible to {glance at the numbers in the two last coluuiiii* without noticing 
the siiiallne^ of the variation in each of the disturbing forces, as referred to lin<^ of 
the sbiiH while the ship was turned ronnd. Firom the moment when this Table was 
completed, it was perfectly dear that the nplaoation of the principal part of the dis- 
turbances of the coni[)ass was to be sought in the permanent magnetism of the ship. 

Confining ourselves for the present to Station 1.^ we have by the formuJse of the 
last section, 

(r^ + ^ • n) + ( - M + P) = - 0-82 
(r^l + tan>.N) - (- M + P) = 
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= - 07» 

= - 013 



^ +(M + P) =-0-15 



rin =-019 

I^,-(M + P) =-0-23 



The moat probable values appear to be 

M + P = 000 

ran =-o-i7 

M + P =004 

wbenoe 

M = 0 02, p s 0K>a. 

The two last quantiti^ are 6o small that the experiments can hardly be supposed to 
give their preciie raluea. The valne of M indicates that, when the diraction is cor- 

rectedf the intensity will be enfeebled ^ part: that of P show thai, tapposing the 

direction corrected by magnets only, there trill he a deriation of the oompass cbangbg 
rign at the altmiate quadrants, whose maximum is little more than 1^ and which is 
such that the needle turns to the right, or observed axiniiiths q)pear too anjall, when 

the azimuth of tlie ship's head is between 0 and 90^ 

To prove these results completely, the following calcul itiDns were made. The two 
perinuncut magnetic forces represented by — 0*80 paraiiei to the ship's keel, and 
— 0'17 transrerse to it, may be compounded into one force — 0^, making an angle 

a with the ship's keel, where lun a =: ^- (the horizontal part of terrestrial magnetism 

being represented by 100). A line beinir taken to represent 100, with one end of 
this line for centre and with radius 0'82, a circle was de^icribed; upon this circle the 
angle a was graphically determined, and the different angles A -j- a were laid down 
(A being the azimuth of the ship*s bead) for every observation from No. 1. to 84. 
Each of the points on the circle thus determined was joined with the other end of 
the line, whoee length = 1*00. It is clear that, if the force acting on the north end 
of the compass be the force compounded of terrestrial magnetism invariable in direc- 
tion and magnitude, and of ship's magnetism invariable in magnitude, but changing 
direction with the ship, the resulting actual force will be represented by the joining 

ac3 
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line laM drawn. The angles made by that joiDing line with the line 1*00 ought, 
therefore, to be the same as the obterved dtstorbanoe of compaas, or if theie ii any 
certiun difference, that difference ought to be explainable by the term P mentioned 

above. The following table contains tlie values of the anirlf"^ made by the joining line 
with the line lOO (as taken from the graphical construction), or tlieoretieal disturb- 
ance of the compass, compared with the observed disturbance i the sign + denotes 
that the needle is turned to the left. 
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It is quite emdent from this table, first, that almost the whole disturbance of the 

compass is accounted for by the permanent magnetism ; secondly, that the rendnal 
part follows with sufficient approximation the law of changing signs at the successive 
quadrants (modified in a small degree by the disturbance in the needle's direction), 
and with a maximum value not much different from the value 1° already predicted 
fioui tlie observations of intensity. In the quadrants adjaeent to the azimuth 0^ the 
maximum appears greater than this quantily, as it ought to appear, in consequence 
of the great diminution in the needle** directive power. 

There remained only,for the complete verification of the theory, to effect an actual 
cori*ection of the compass. With a two-feet bar magnet placed transversely to the 
magnetic meridian, experiments were made at Greenwich for ascertaining the distance 
at which it must be placed below a com])as8 in order to make the needle deviate 
through 39° 25' (the angle whose natural tangent — 0*82, the proportion of the ship's 
permanent magnetic force to the terreatrial directive force at Deptford). Hie magnet* 

* I know not whether the foUowiitg obamatum pocteaan uy novelty or interest. A pair of 2>fiNt bar 
magneU bad bcca constructed for me i year or nore bdim tius time by Mcatdrt. WAnim and Hiu. Ob 
trial, one ma foimd to hm not mom tliui lialf the inteniiqr cf tte fllher : it was retouched tiy the nakcn: 

it was again frit:nd tn be feeble, ^»ns n^n'in touched ; and had been laid up with its fellow and -with the keepers 
oa for some months. When trials were made for ascertiuiuog the distance at which the magnets intended for 
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wius tlu^n placed in a i^roove, cut in u Ixjanl, and inakiii:,>- with the cd^rt: of the boaiii 

the angle whose tangent = This mode of mouhtini; wuis adopted lur Ikcility of 

fixing in the ship, as it vras then necessary only to make the edge of the board parallel 
to the ship's keel, the magntt luring at the prnprr distance !ie!oir the rompa«« A roll 
of iron plate was also prepared, tolerably free li uiu permanent magnetism, and experi- 
nieuts were made to ascertain the distance from a compass at which in azimuth 
It wonld cBDBe a deviation aometbing greater tfaaQ 1*$ and arrangenieiits were made 
for fixliigthis roll on one aide of the ship's eompass, In the directi<in nearly tiansTerae 
to theked* and at the same height as the compass card. 

The magn< t Ix ing placed in the proper position and at the assigned di-fatuH IilIow 
the compa'!'^, and the roll of iron plate heinsr mfmiited, on makini; observations in 
the usual way, it was found (without waiting for the complete calcidations) that the 
deviation was over-corrected. Whether any error hod occarred in the measures, or 
wlietfaer the tndnetive action the ship increased the power of the magnet (which 
was placed with its poles in the direction opposite to those of the ship) I do not know. 
The distance of the magnet was increased, its direction being carefully preserved, and 
then a series of o!)«i rvations was marh- and reduced in the usual manner. The re- 
sults are contained in the following table. 



•t .. 





True aiiiBatk of 


I)i>turli«nc« of | 
compau. 


No. of 
ulMtrmkao. 


Tnie azimuth of 
(hip's hiad. 


Dikturbanfc of 
onni]>*si. 


• 171 
17« 
173 
174 
. 17* 
176 , 


1&2 4 
176 »6 

310 S6 
239 51 
269 53 
300 36 


+ 6 54 
+ 0 34 
-0 41 
+ 0 9 
-0 S 

-0 6 


177 

17H 
179 
ISO 
181 


3.14 22 
357 34 
26 34 
56 6 
fi7 51 
.118 36 


-i 22 
-0 4 
-0 14 
+ 1 54 
-f 1 9 
+ 0 ii 



The correction may he considered as perfect as it is po^-iTde to niake from obser* 

vation« of no ^reatfr delicacy than thncc on which the position of the correctors was 
determined. 1 think it is evident that the true maximum error does not eiEceed half 
a^degree. 

Proceeding in the same manner with Station II., wc find the following equations. 
«i / H 



KnSTl + tanJ .n) + (- M + P) = - 0 



32 



- 0-28 



cdrrectin!r t',' ship's compass should be placed, the keepers were taken off, and the intcneity of t^i? ningnet 
wju foiuid lully equal to tlmt of its f«U«>w. It waa left duhag one night fitaodiag vertically with ita ma/ked 
«iltii^Mkdt: tiwant morning Uludliirtt«o.ddrdi of iti I lin« ance cnuuiaed die poMn «f 

aeverai puirs of magncti! shortly after taking off their kecjjcr* and after the b^n'of'tWo or fhlM ^ys, ud in 
«v«pr iiiatuice one magnet of neb fiair bu hwt much of 



Digitized by Go^gic 



198 



MR. AIRY*6 ACCOUNT OF BXFBM1IBIIT8, BTC. 

+ tani.N) - (- M + P) = - 0-34 



IcoaS 



8 



The most probable values appear to be 

-M + P 
8 

IOM» 

M + P 

whence M s O-OSj P » 0*04. The last term denotes that die diatnrlMnce not de- 
peadbg on permanent magnetiBm would amount at its maximmn to S*|, eha^gini^ 
signs in sncoesrive quadrants, and being negative (in its efliscts on apparent asimnth) 

when the azimuth of the ship's head is between 0 and 90**. The large terms show 
that the permanent magnetism (as compared with the terrestrial force) may tie repre- 

21 

sented hf 0'88, inclined to the direction of the Iceet by an angle • wfaera tan • ss 
Computing as for Station L, we get the following table of comparisons* 



s - 0*33 

s-O'Sl 
= — 0*14 

ss — 0-22 
ss - 0-27 

a-O-SS 

= + 001 

8 — 0-ai 

S+0HM6 



No. of ob- 
temUion. 


Azimnth of 
thip's bead. 


Obtenred 
lUiturhance 
of oorapaM. 


Computed 
diiturbmcc 
of compMt. 


DUntrbftDce 


No. of ob- 


Aamuth of 


iUituriNUMa 
Bteemptm. 


Cumuutcd 
itiltttfvlBII'f 


Dittorbuce 


35 


ibi bi 


—21 36 


-20 5 


0 « 

-1 31 


45 


103 3^ 


+ 12 54 


+ 11 50 


+ i 4 


36 


300 4 


— 12 41 


— 14 50 


+ 2 9 


46 


124 26 


+ 7 26 


+ 6 10 


+ 1 16 


37 


320 49 


- 1 19 


- 8 55 


+S 36 


47 


143 57 


+ 1 26 


+ 1 0 


+0 8$ 


38 


340 7 


+ 9 31 


+ 85 


+ 1 SS 


48 


163 16 


- 4 16 


- 4 30 


+• 14 


39 


353 48 


+16 4 


+ 15 S 


^0 1 


« 


179 6 


- s c 


~ S 80 


l€ 


40 


11 S6 


+18 S4 


+M S» 


-1 8$ 


SO 


SOS 1 


-16 16 


-14 45 


-1 81 


41 


31 14 


+ 19 46 


+ 22 35 


-2 49 


51 




-31 51 


-18 55 


-2 56 


42 


49 47 


+ 19 61 


+ 21 50 


-1 59 


52 


244 66 


-26 26 


-22 5 


-4 21 


43 


67 3 


-f IH 12 


+ 19 35 


-1 23 


53 


267 46 


-24 16 


-22 30 


-1 46 


44 


85 1 


+ 14 


+ 16 15 















The residual terni here follows with gi-eat accuracy the law of the deviation de- 
pending on P, anil its inu^nitude isi as nearly as the nature of the observation allows, 
the same as that predicted. 
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For Station III. 

(r^l + tan i . n) + (- M + P) - - 0- 18 

(ran + - (- M + P) « - o-sa 
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8 



+ (M + P) 



8 
[rati 

8 



The mott probable Taloet are 



= - 0-31 



= -0-18 



« — 0-14 



= -0*28 



whence 




J + tani.N = - 0-27 

= +w 

s -0*19 



P = 



+ 0-07 
0*07. 



The term of the diatarbeiice of the ooropaas which changes sign in the alteniate 
qoadmnt ought therefore to have a mazimom value of 4' t its ngn, m eadi qiuidraot» 

Oiight to be the same us ut Station I. and II. penBaneot magnetism of the ship 
is represented by 0*33, incliaed.to. the ship's keel at an angle whose natural tangent 



la ^. On oomputiBg the eSect of thia independent magnetism, in the mme manner as 
for Station the following Table ie formed. 



No. of 0^ 


Aximntb of 


Obierrcd 
dhlnrimioft 


Coniimtcd 


DUturbtnce 
MMUMdte. 


No. of ob- Aiimuih of 


Observed 
diitufhiiiiftt 


Compotnl 
illfUiuinBO 


Diiturhutcc 


Of MOM. 






■■' 64 




-19 41 


-1^ 10 


-3 31 


64 


93 11 


+ 11 4y 


30 


-0 41 


55 


300 i>4 


-13 24 


-11 30 


-1 54 


65 


120 36 


+ 7 54 


+ 6 10 


+ 1 44 


»6 


111 18 


- 4 18 


- 6 4« 


tl 


66 


139 46 


+ 3 44 


+ 1 3S 


4-S 9 


S7 


m 9S 


+ S 49 


- 0 W 


•f 3 S4 


67 


163 9 


- 8 9 


- 4 30 


•hi SI 


&8 


S40 51 


+ 7 39 


+ 7 30 


+ 0 9 


68 


187 9 


-10 39 


- 9 55 


-0 44 


59 


i 34 


+ 11 56 


+ 15 15 


-3 19 


69 


216 6 


-18 21 


-15 50 


-» SI 


60 


22 16 


+ 14 29 


+ 18 40 


-4 11 


70 


235 11 


—21 41 


— 18 20 


—3 21 


61 


38 11 


+ 16 19 


+ 19 25 


-3 6 


11 


259 59 


-24 29 


-19 20 


-5 9 


62 


60 34 


+ 15 26 


+ 17 55 




72 


275 41 


-21 41 


-17 40 


>-4 1 


63 


81 36 


+ 13 84 


+ 14 40 


-1 16 1 













Digitized by Go 



900 



MR. lIRy*S ACCOUNT OF BXPBRIMBNT8, STC. 



Remturking tli«t fbe raidml erron with tiie sign — exceed ia magnitude and 
number thoee with the sign I oonjectare that the index error has been erroneoiidy 
determined, to tbe extent perhaps of 40* or SO*. With this supposition, the agiee> 
nent of the observed residual term with the theoretical rendual term is very ckiae. 

For Station IV. we have as follows : 



(i^. + *»>-n)+(- 


M + F) 




- O-ll 


(r^+t»».N) 




= 


— 0-14 




M H- P) 




— 0-18 








— 0-12 


8 

JTcMt 






-0'I5 


Yjf, + (M + P) 






— 015 


s 

Icost 






-0-18 








— 0-3& 



The most probable values appear to be 

I^ + tani.N^-014 
-M + P s +0-085 

ran = - 

M + P s+0-10 
whence MsOD8, PsO'OT. 

The coefficient therefore of the term which changes signs at alternate quadrants 
ought to be 4" nearly; the permanent magnetism onght to be represented by 0*25 

inclined at an angle whose tangent s ^. The foUowing Tahle will show the ooro- 

parison of the term computed (as before) from the permanent magnetisro with the 
distorfaonce obsored. 
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Arimatb of 


of com past. 


Coroputod 
of oompsM. 


DiUurteacc 

ycc to bo 
•cooontcd for. 


Naofab. 


AliinrthofI ObwTvod 
^ jof compau. 


Corapated 

il ■ at n r n n 

of comftflss. 


UittnrbMVM 
accouicd Ibr. 


73 


96 81 


— 9 «1 


- 8 SO 


-1 1 


83 


310 i 


+ 3 54 


— 1 30 


+ 6 24 


74 


111 6 


- 8 6 


- 4 5 


+ 1 59 


84 


826 46 


- 0 46 


- 4 50 


+ 4 4 


76 


150 36 


•f H 6-t 


+ 8 35 


+0 19 


85 


350 16 


- 6 16 


~ 9 10 


+ 2 54 


77 


167 6 


4- 8 54 


+ 18 15 


-3 81 


86 


18 1 


— 12 31 


-13 0 


+ 0 29 


78 


183 41 


+ 9 49 


+ 14 80 


-4 31 


87 


39 36 


-16 21 


-14 45 


-0 36 


79 


196 46 


+ 10 14 


+ 14 40 


—4 86 


88 


65 9 


-15 39 


-14 0 


-1 39 


^(1 


239 54 


+ 7 36 


+ 18 50 


.-5 14 


89 


84 34 


-12 4 


-n 0 


—1 4 


81 


846 59 


+ 8 1 


+ 10 80 


-2 19 












8t 


W 6 


+ 79 


+ 5 50 


+ 1 19 


1 

1 











The agreement of the residual term here with the theoretical residual term is not so 
perfect as at the other stations, but is nevertheless very close. A trifling alteration 
in the indcpendeat uiagnetism would make the agreement perfect. I may observe 
that, h priori, the existence of a disBgieement at this station is probable. The ob- 
servations of intensity and of distnrbaaee of the compass were not made at the same 
time; and it is extremely probable that the box of chain-cable (mounted on wheels 
upon the deck, at DO great distance from Station IV.) had been moved in the inter- 
mediate time. 

Attempts were made to correct the compass at Stations II., III., and IV., in the 
same manner as at Station I. They did not, however, succeed so perfectly. I attri- 
bute this fittlnre to the following cause. As the obaervations at Station I. had seemed 
to shoir that a small tentative adjustment might be necessary, a tentative adjnstmnit 

was tried, depending of course upon the indications of (he cmnpasSr at each of the 
other stations before raakinj*' a round of observations. The compass it was Ibnnd 
had become exceedingly sluggish (probably from the blunting of the suspending point 
by very frequent movements), two readings for the same bearing being sometimes 
obtained differing tf or more. By one of these errors an wQustment might be af- 
Ibcted, and its consequence would be found in every observation made while the 
magnets Wtte in the position so adjusted. As a general rule it is to be recommended 
that no tentative adjustment be made, except the whole apparatus is in the highest 
possible order. When tlie vessel was j>repfircd for sea, three compasses (at Stations 
I. II. and III.) were fitted with niagtiets aiui masses of soft iron placed according to 
the directions in the preceding section, and arranged, as to intensity and position of 
the magnets, and as to maximum eStet of the soft iron, in aocordaaoe with the num- 
bers just found t and the direction of these three oompasies has appeared to be, as 
tur as general observation could discover, quite correct. The compass at Station II. 
occasionally differed from the others two or three degrees; but this error might be 
occasioned by a blow which the mricTict received, or might be produced by the effect 
of the powerful 2-feet magnet under Station I. The magnets under stations II. and 
III. were 14-ioch magnets, producing no sensible effect at any station but those to 
whidi thqr belonged. 

MDCCGZXXIZ. 3 n 
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On the wbok, I conclude that the esqilaiiatioii of the demtions of the compass, 

by the combined powers of independent niagnetismr of the ship and indlioed maf- 
netism produce<l hy tcfrestrial action, is |>€i-fect; and that there is no reason to 
doubt that by the introduction of antagonist magnets and masses of soft iron the 
correction may be made perfect. 

I liiail mm proceed urith the diBcnsrioa <^ the obmnratioiii aiade witii the dipping- 
needle. 

The equation depending on the dip towards the ship's head given in the latt see^ 
tion, beiog applied to Station 1., and the sabetitation of 0*00 for ~ M + P> 0*80 for 

+Uakl,f9, and 78^ 40^ f'Of K bong made, the equation asaumes the foUowing 

form: 

O-Sia.cosA- 0-960 sc(l +r^-Q) +0-8l2.c.N.coeA. 

Substituting in each of the observations from No. 35 to 53, for Station I., we have 
the Showing equations. 







SB 


- W« m - WW ( 1 + t4^- 


-Q^ ~'ei4N. 


37 






38 






39 






40 






41 






49 






43 






44 






4€ 






46 






47 






48 






•»9 


-0-562= - 0-55i 


+-I72.. 


60 






51 






:>3 






63 







The snm of the equations (torn 85 to 44, and from 4ft to S8, give respectively, 
-0'4W = ^O-MO (l + q) - O-OSio.N. 

— AHm ss - 8*964 (l + 1^ - q) +0-861 .N. 

When the mdenesa of the observations la considered, it will be evident that the 
first of these equations is wholly unfit (from the smallness of its coeffidgnts) to be 
combined with the latter for the determination of two unknown quantities. If we 
add them together we find 

— 4-436 = — 4-553 (l + jij - q) + 0 831 .N 



Digitized by Google 



FOR CORRlCnNO THE COMPASS IN IRON-BUIUT BBI9S. 



908 



and if we assuaie N to be small (which assumption appears, from the nature of the 
integral on which it depends, to be welt founded), we mast infer that the vertical part 
of the iliip's permaoent magnetism is vety amall. 
The equation for the transversal dip> sabfltitatinir for M + P attd — O'lJ for 
S 

TcoTa* 



becinnca 



- 0*3a0 . sio A - 0-053 s (l + - q) + 0-31 2 , . N . cos A. 
SnbstitDting in eadi of tlie obaemtionfl from 54 to 79, we get tiie fidlomng equations. 



M 

s.-i 
66 
57 
fiS 
59 
60 
61 
69 
€S 
64 
63 
66 
67 
€8 
69 
70 
71 
79 



Equation. 



\ isino / 



+ -217 = 
+ •172 = 
+ •12i = 
+ -045 = 

- -068 = 

- "167 — 

- 414 a 

- •850 =■ 

- -359 = 

- -311 =! 

- -247 = 
_ -140 = 

- •016 = 
+ •1*6 = 
+ -193 = 
+ •£43^ 



+ -190 + -024 

+ ■114 +-024.. 

+ -079 + '020 . . 

4- -016 +-005.. 

— •©70 — 'OM.. 

— •176 —•Ml.. 

f -••e*.. 

— *Slfl — HI48.. 

-•«81 -'917.. 

— -344 + 'OOe . . 

— -316 + '050 . , 

-•249 +-059.. 

— •196 +*06S.. 

-•041 +-01S.. 

+ -087 — '022 . . 

+ •149 "'696.. 

•t.«196 —'Oil.. 



Tlie turn of the equations from 64 to 68 gircs 

(1) + •798=4- •«03(l +r^-Q)+-088.N. 
The sum of the equations from 69 to 63 gives 

(2) - 1187 = - 1184 (l + ril- Q) - 'IW .N, 
Tlie sum of tlie equations from 64 to 68 gives 

(8) - 1-066 as - 1-146 (l -f - q) + 186 N. 
Tlie turn of tiie eqnatioiM from 09 to 79 i^ves 

(4)+-808 = + -634(l + j^-q) - -066, N. 
(I) -(2) -(3) +(4) give 
+ 8-804 B -I- 8-665 (l + - q) + '088 N. 

2 d3 
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(D- (2) + (3) ^(4) give 

+ 0 066 = + -007 (i + -^)+ "^37 N. 

V 

From the two last equations, 1 4- — Q = 1'06, N = + •0©$ which values, 

with very trifling alterations, would satisfy the equation derived from the lougitudiual 
dips. The excess of the nmnbera on the first si^ with the sign + and the defect of 

those with the sign — might be caused by an erroneous determinatiun ui ^ g , but 

it is far more probable that it has orig-inated here in an error of adjustment of the 
dipping-ucedic, made while the ship was heeling: it produces no sensible effect on 
the solutions of the equations. 

The equation for dip toivards the tldp*8 head at Station III. becomes, on aubstita* 
tin; the numbers proper for that station, 

0-407 cos A — 0-103 = c (l + _ -)- c . 0-381 cos A . N. 

Forming the sepamtc eqnat*on«, combinin^r those from No. 35 to 43 in one group, and 
those from 44 to 53 in another group, we obtain 

+ 1-630 = + 1'86B (l + - q) + 0-691 .N. 

-f 3-308 = - 3-260 (l + - q) + 0-924 .N. 

From these, 1 + - Q = 0*05, Ns - 0'22. 

The equation for dip towardii the starboard side ut the some station is 

-0-3&4siaA- •072sc'(l +1^-* q) +«'. 0-881 cos A.N. 

Grouping the equations from 64 to 67, 60 to 63, 64 to 68, 60 to 71, and 73, and then 

combining these groups so as to make all the multipliers of the unknown quantities 
additive, one in each equation, we get the following equations 

+ 4-857 = + 4-416 (l + ^ - q) + 0 081 .N, 

+ 0-483 = + 0-524 (l + - Q) + 0-777 • N. 

Ftom these, I + rS»~ ^ - ^» N = - 0*04. 

The agreemmt of these results with those obtuned fbr the dip towards the head is 
as close as could be expected. The equations fhr determiniug N cannot be made 
very fhvourabl^ and great precision in its value is not to be hoped for. He agree* 

mmt of the two values of 1 + — Q is a proof of the accuracy of the determi- 

natknw of borimtal intentity, and of the general correetness of the theory which 
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connects the different observations. For upon the values of P, deduced truiu the ub- 
servatkm of intenai^^ the first term in every one of tbese eqoations depends (the di€> 
Ibrence in the unmerical values of the ooeflleientB 0*407 and 0*864 depends entirely 

upon it) : a Tery small alteration of P would make the results for 1 + - Q 

precisely equal : the omission of P would have caused very great discordance in the 
V 

values of 1 + — Q. 

I have not been eqnalty snocenful mth the observations at Station IV. The dip- 
ping-needle used there wa"!, .ns I have mentioned, in the proximity of large moveable 
masses of iron, the windlass, the anchors, and the l)ox of chain-cable. Whatever the 
cause may be^ the observutions are in themselves discordant. Upon trying whether 
the ootanfent i^tiie dip could be approximately represented by a cos A + & for dips 
towards the head, and by a* sin A + for dips towards the starboard ride» it was 
found that the discordances were between three and fonr times as great at Station IV. 
as at Station III. I have not thought it worth while to occupy space witli the equa- 
tion*!, &c. at tills station ; considering that the results already obtained are sufficient 
for my present purpose. 

The quantity Q it will be remarked (from its expression in Section III.) is of the 

V 

same order as and therefore probably small. Hence the assertion tbatl -|- f^y^ — Q 

differs little from I , enaltlp'^ ns at once to assert that V, the permanent vertical mag- 
netic force of the ship, is suiail. 

Section VI. — Observathns not essential to the Theory. 

The following account of the observed disturbance of the compass on the upper 
floor of the stage will probaI)ly be sufBclent. 

At Station I. the disturbance vanished when the azimuth of the ship's head was 
about 16<f and 830^. Itie grentest + distnrbaaee (needle deviatfaig to the left) took 
place in aaimnth 78^ nearly, and amonnted to + 5" ; the greatest — disturbance oc- 
curred in azimuth 260^ and amounted to — 10°. 

At Station II. the disturbance vanished in azimuths 156° and 330° nearly. The 
greatest -(- disturbance was in azttruith 50° or 55°, and exceeded 10° i the greatest 

— disturbance was in aziumth 2G7", and amounted to 1 1^". 

At Station HI. the disturbance vanished in azimuth 150° and 330° nearly. The 
greatest + disturbance was in aiimuth ff^t end amounted to 7f^i the greatest — 
dMtnrbanoe was in asimutb 380", and amounted to 9^*. 

At Station IV. the disturbance vanished in azii irlis 155° and 320° nearly. The 
greatest + disturbance was in azimuth 60° nearly, and amounted to 8°; the greatest 

— disturbanre was in azimuth 'iSO' nearly, and amounted to about 8°. 

These distui bances are evidently referable, for the greatest part of their amount. 
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to permanent magnetism ; though the cOiwt of indooed maglietism it ieiMible, espe- 
dally in the oheennitiooe at Stadoa I. 
The obierviitioiie made with the dippidg-iieedlee and lai^ horimntal megnete on 

sboi-e, were conducted under circum<;tance9 of weather so un&voorable (amidst tor- 
rents of rain and very heavy ^ists of wind), that it has not appeared worth while to 
transcribe tbem. The following result, however, may be stated as deducible from 
them with perfect certainty. On one or two occasions there appeared to be rcasoa 
to think that the ship*a head, when near, attracted the upper end of the dipping-needle, 
or the nnmailced end of the horizontal magnet, bat the efitet hardly exceeded the 
errors of observation. But in every instance when the ship's stem was brought near 
to the dipping-needles or magnets, it powerfully attracted the lower or marked end. 
The most distinct estimate of its power may be obtained from the following observa- 
tion. On August 2, the ship's head being south nearly, and a dipping-needle vi- 
brating in the meridian being placed at the distance 23 feet from tiie stern, tlie dip 
of the needle was increased 7^ 80^. I may remark that the dipping-needle is an in- 
finitely 1^ delicate instrament (where horisontal forces only are concerned) than 
the large tiurizontal magnet, as used by Gauss, with reflector and graduated scafet 
suspentied by one bundle of silk fibres if parallel to the magnetic meridian, or by two 
if transverse to it. The dipping-needle, however, is mounted with much greater speed 
and less trouble than the magnet, and is more easily protected from the violence of 
the weather. 

Section yU^ObtenaHauifike Disturbafice of the Cha^pau i» the Jhm-faift Snlhg- 

Irwuideg, 

On the 26th and 27th of October 1 S38, I examined the binnacle compass of the 
Iron sailing-ship Ironsides in the Brunswick Dock, Liverpool. The observations 
were made by placing one azimuth compass in the position of the binnacle, and an- 
other on shore, and with each of these compasses observing a small signal carried by 
the other. In ttiis manner the reductions for locality, 6ui. were completely avoided, 
bnt every resalt was liable to the errors itf two compasses. The experience of the 
investigations in the Bainbow having shown the importance of observatioDB of hori- 
aontal intensity, I applied the intensity apparatus in every position of the ship in which 
the compass was observed. The time occupied by forty vibrations of the needle on 
shore was i95»-0. The values for disturbing forces in the following Table are com- 
puted by the methods of Section IV. 
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ExpresBing each of the valaet or by toe formula 

(iWl + to« ^ . n) + (P - M) cos A, 
e get tbe Mlowing series of eqaationa. 
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0'433 
0-447 : 
0-432 i 

0-371 > 
0-425 ! 
0-314 : 
0-299: 
0-293 : 
0-330 ■■ 
0-376 i 
0-376 I 
0-381 ! 
0-399 i 
0-397 i 

.(►Mel 



+ 0-921. 
. . -f 0*843. . 

■i-f'm.. 

... -O-STS.. 
. .. — 0-876.. 
. . . — 0-990 . . 

- 0-996.. 
... — 0-853.. 

—0-595.. 
, .. —0-332.. 
,.. + 0-166.. 
.. +0'»64.. 
...•(-••89*.. 



I III 

The sum of all tlie cquatiuuH gives 

- 7-018 = 18 + twii.N) + l*7« . (P- M). 

The tnm of all> changing the dgns of thoee from ; to j>, gives 

- 0*633 = + 11'4II . (P - M). 

FVotn these, 

F.M8-0*065, j^ + tan>.N = -0'386. 
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A ■ ~ ^, , . dilturbing force to staiboBid , ^ , 

Agaiu, expressing each of the values of ' loo<> by the fonuuia 

rJr« + OP + M)BiiiA. 

we have the loUowiiag equations. 
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The tum of alt the equationB gives 

+ 5-815 = 18 • + 1-453. (P-^M). 

The aom of all, chaaging the eigne from A to «, gives 

+ riO& a + 10-726 (P + M). 

From these, 

P + M = 4-0lll, rJri = + 

and 

M = <H>88, P«sOK)28. 
The permanent magnetic foree may therefore be represented by the force 

v' {0-3862 _|. o-3Ti2} = 0-50, 

inclined to the ship's keel at an angle whose tangent = In compounding this, 

for the diflerent positions of the ship, with tlie terrestrial force, it is to be observed 
thnt the diminution 0-08 is too serious to be neglortpd (as we have hitherto done), 
aiif] tliat 0-92 must therefore be considered as measuring the terrestrial force. With 
thu»c numbers the effect of the permanent magnetism is computed graphically as be- 
fore; and themnlt, and lis oomparisMi witii tiie observed distnrbaiice» are contained 
in the foUoving TaUe. 
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From the value of P above, the residual terra ought to have formaxiriuun value 1°'6, 
supposing: the permanent maguetisin not to act at the same time; in simultuneous 
•ction the maumum would be n^riy doubled in the first quadrant (from tlie weak> 
ening of the termtriHl force by the pemmieiLt mafnetism), and would be diminMied 
by «iie4Mrd in the (bird qnadiaiit $ the t&gOM woidd be + — + in the four qna- 
dranti. The agreement of the signs and mai^itndes of the residoal terme with those 
defined by this law is extremely close ; the value for obaervatilon k alone presenting 
a sensible disagreement. The theory, therefore, may be coneidereti as pci fcctly in 
accordance with the facts observed in the deviations and intensities at the pofittion of 
this compass. 

The mtxinnm of the term depending on P being (when the permanent magnetiem 
i» conoteracted) 1*^6, it was thought unneceaaary to encumber the binnacle with a 
miSB of iron for the correction of that small quantity. The only correction applied' 
was • magnet, placed bdow the compass^ in a position malting the angle whose tan-> 

gent is with the ship's bed, and at a distance at which its eflhct (as found by 

trial on shore) was 0*50 of the earth's directive force, or produced a Ueviation uf 2/° 
neaily when transverse to the meriiiHan. The deviation of the compass was then 
found to.be as follows. 
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The whole of these apparent disturbances are within the limits of errors of observa- 
tion; it is dllBcnIt to say whether they contain any distinct trace of the inductive 

term. 

Another ( ompass in the same ship (a teU-tttle> or compass suspended to a beam 
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ia the cabin) was obiervcd in regard to denatimi ouly. The obaervationa were made 
by an iacompetent person, and are not worth transcribing. The maximum deviatioo 

was greater thaa that at the binnacle. But this singular circumstance {NVSented 
itself : that the deviation vanished when the azimuth of the ship's head was 140® and 
320° nearly, the inaxiinum + error occurring near azimuth 200", and tfie maximum 
— error near azimuth HO"'. At the binnacle compass, the deviation vanished in azi- 
muths 40" and 220" nearly, and its maximum + and — errore occurred m azimuths 
90P and 340P nearly. Tberdbre, to malce the direction of the ship's indepemdoit 
magnetism at the tell-tale parallel to the magnetic meridian, it was necessary to tarn 
the ship 100 degrees furtlier than was necessary to efiect the same lor the bimiade 
eompass. Or, supposing the head of the ship towards the top of the page, the direc- 



tion of the magnetic force (as acting an tlie marked end of the needle) is \^ at 
the binnacle, and ^ at the tell-tale. These stations are not, if I remember right, 
more than twelve feet apart. In the Rainbow, the directions of the forces on the four 
compasses were represented by lines as ^ or , all included within a smaN 
portion of the same quadrant. 

.The correction of this compass (the tell-tale) was effected by a tentative method, 
which is likely to be of the highest value in the correction of the compasses of iron 
ships In general. The ship*s head being placed exactly north, as ascertained by a 

shore compass, a magnet was placed upon the beam from which the compass was 
suspended, with the direction of its length exactly transverse to the ship's keel : it 
was moved upon the beam to various distances till tlir roiupass pointed correctly, 
and then it was fixed. Then the ship's tiead was placed exactly east ; and iuiothur 
magnet with ito length parallel to the ship's keel was placed upon the some beam, 
and moved to diflToent distances till the compass pointed correctly, and tlMn it was 
fixed. The correction for induced magnetism was neglected : but there would have 
been no difficulty in adjusting it by the same process, placing the vessel's head in 
azimuth 45°, or 135**, or 225", or 315". The peculiar advantage in the method above 
given, as a tentative method, consists in this: that the magnetic aetion is resolved 
into two parts, either of which can be altered without at all disturbing the other, and 
that by a very simple rule those positions of the ship can be found in which each of 
these parts is effective while the other is poweriess. The same remark appUes to the 
correction for induced magnetism. 

The Ironsides has sinee that time sailed to Pemambuco, and her compasses have 
been correct (as Car as general observation goes) through the voyage. It is probable, 
therefore, that the constant N is not very large : but no accurate observations have been 
yet reported to me upon which any certain statement as to that point can be founded. 
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Sec^on VJII. — Qmcludmg Hemarkg, 

It appears Trom the investigatiotts above, that the deviadons of thecmnpass at fonr 

stations id the Rainbow, and at two stations in the Ironsides, are undonbtedly caused 
by two motlifications of magnetic power; namely, tin* indpfipndent magnetism of the 
ship, which ret.iins tlie same magnitude and tlic >.im\r dn action relatively to the 
m uii positions of the ship ; and the induced magnetism, whose force varies in 
nufnitade aid directkm wtdla the ship's posidm it cbaaged. It appean abo tbat» 
in the instaooes mentioned, the eflfect of the fonner fbroe greatly exoeeds that of the 
latter. 

It appeai-s also that experiments and investigations similar to those applied above, 
are su£lcieat to obtain with accuracy the oonetants on which, at any one phu^ the 

H 8 

ship*8 action upon the horisontal needle dq»end8 (namely, YStt ^ ' * Tcori* 

M, and P); and Hiat by placing a magnet m that iti action will take jdace in a di- 
rection oppoeiteto that which the investigations show to be the direction of the ship's 

independent tnagnetic action, and at such a distance that its effect is equal to that of 
tlie ship's independent magnetism, and by counteracting the effect of the induced 
magnetism by means of the indnced magnetism of another mass (according to rules 
which are given), the compa«>s may be made to point exactly as if it were free from 
disturbance. 

It appeafs also that by an easy tentative method, the compass may now be cor- 
rected without the labour of any numerical investigationi^ or any esperimenta, except 

those of merely making the trials. 

It appears also tliat the permanent vertical disturbing forre, rm far as the examina- 
tion of the Rainbow authorizes us to draw any distinct conclusion, is not great, and 
therefore that there is no fear of great disturbance of the compass by the heeling of 
the ship. 

Bat it appears that one of the magnetic cimstants condsts of two parts, which 

cannot be separated by experiments on the horizontal magnet at any one place ; and 
that the effect of the impracticability of separating these part.s will be, to render the 
compass incorrect in one magnetic latitude when it has been made corrtx-t in a dif- 
ferent magnetic latitude (though there is good reason to think that the term on whicli 
the variation depends is so small that it may be neglected, except in the case of a ship 
Sidling very near the magnetic pole). And it appears that though in theory the term 
jn question could be determined from observations cf the dipping-jieedlei, yetin pnc- 
tice tlie method fiiils, because the observations cannot be made with the l eqnislte ac- 
curacy. It appears, however, that this term may be determined by observations of 
the horizontal needle at two places whose magnetic latitudes are diflferent, and that 
the correction may then be made perfect for all magnetic latitudes. 
To these considerations we may add the following: that though the uniformity of 

2b2 
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the induced magnetism, under similar circumstances, is tO be presumedi yet the in- 
variability of the iDdependent magnetiBai doling a coarse of many years is by no 

means certain. 

These statements sugge^it the following as rules which it is desirable to pursue in 
the present infancy of iron-ship building. 

1. It appears desirable that every ifon sea-going ship should be examined l^a com- 
petent person, for the accurate determination of tlie four constants, 

I^j + tanJ.N, j^j, M. and P. 

for each of rhe compasses in the ship ; and that a careful record of these determi* 
nation^- >ltouUl be preserved, as a magnetic register of the ship. 

2. it appears desirable that the same person should examine the vessel at different 
times, witti the vieir of ascertaining whether either of the constants changes with time. 

3. It appears desirable tliat in the case of veaaeb giring to ditferent magnetic lati- 
tudes, the same person should arrange for the examination of the compasses in otiier 
places, with a view to the detei tuinatioii of N. 

4. It appears desirable that the srtnu' pr r^on should examine and register the ge- 
neral construction of the ship, the poaiUoii and circumstances of her building, &c., 
with the view of ascertaining how far the values of the magnetic constants depend on 
dicse drcumstances, and in parUenlar to ascertain tbdr connexion with the ¥alne of 
the prejudicial constant M. 

5. It qipeaia desirable that tbe aame person should see to the proper application 
of the correctors, and the proper measures for preserving the permanent* of thdr 
magnetism. 

The most remarkable result, in a scientific view, from the experiments detailed 
above, is the great intensity of the permanent magnetism of the malleable iron of 
which the ship ia ooropoaed. It appears, however, that alaMMt every plate of rolled 
iron is intensely magnetic In the progress of the investigaticiis I have endeavoured 
to malie some experiments with plates of iron, for the purpose of examining the in- 
duced magnetism of iron plates in different states of connexion, but they have fieukd 
totally, in consecjuence of the a mount of independent magnetism. On placing a 
compass within a large cyliniier of iron plate, wliose axis was horizontal and in the 
maguelic meridian, I was surprised to see that the deviation of the compass was as 
great as at the binnacle position in the Rainbow. 

The scrolbof iron used for correcting the induced magnetism in the Rainbow woe 
repeatedly passed through the fire before their permanent magnetism was destroyed. 
In some which were tried, even this process was ineSectnaL 1 am disposed to pnfer 

* The magnets iiUeb I hnt issd in tiie Baiahcnr ind Ibt bonrfdes lune been liMleil to a l nmpewtm B «f 

120° Fabb.. with their marked endl tmnida the south, and have afterwards stood vertically with their marked 
endi upwanl» for one or two days. For mounting in tlwth^ thty hkTe been let iiltD poOTet ia pceat of 

wood, in which they have been bedded in tallow. 
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for eonecton boxes fitted irith iron ohaiii ; for thoagh many parts of the cbain may 
possess some independent magnetism, yet it is likdy that there irill be, to a great 
extent, an intermntoal destruction of effects. 

If we conceive permanent mafrnetisTn to di-peiid upon an artificial arrangement of 
the particles of tbe metal, the manufacture of rolled iron seems to account in some 
degree for this amount of ma^etism. The iron, alter leaving tbe puddling furnace, 
is rolled out into bars of oondderable length ; these are brolien, and their pieces are ' 
bid dde by side, and tlie muted ineces are again rolled ont, &c. The wliole olijeet 
of tlie raann&ctare is to anange the particles in that artificial state known by tbe 
name ^^6re. 

It is believed by practical men that the state of malleable iron chang^es from time 
only. If this be certain, and if the notion just mentioned be plausible, it seems suffi- 
ciently probable that tbe indepeadeot magnetism of the ship will change with time. 
This conaideration enforces strongly the necessity of periodical examination as sD|f- 
gested above. Snch examination may possibly have an advantage liqrond the cor- 
rection of tbe compass Ibr the time» An important change in tbe magnetism may 
indicate an important alteration in tbe quality of tbe iron, and may serve as a warning 
to be cautious of trusting to the strength of the ship in critical circumstances. 

I know not whether the axis of magnetism m a plate of iron may be expected pro- 
bably to coincide with the direction in which it has been extended by rolling. Tbe 
direction of the horizontal magnetism in the Rainbow (conceiving the transveiae part 
to be prodoced by the transversal partitions or bollc heads), and tbe instgnificant 
amount of the vertical magnetism, seem to countenance this supposition. Tlie great ' 
difference between the magnetism of the two compasses in the Ironsides may weem, 
perhaps, to place difficulties in the way of such a suppoeition. 

Hojfal Observatory, G^-eemotcft, 
Jpril 9, 1839. 



Digitized by Google 



PHILOSOPHICAL 

TRANSACTIONS 

OP THE 

ROYAL SOCIETY 

OP 

LONDON. 

FOR THE YEAR MDCCCXXXIX. 
PART II. 



LONDON: 

PRINTED BY RICHARO AND JOHN E. TAYU3R, BED UON (JOLHT. FLEET STREET. 

MDCCCXXXIX. 

Digitized by Google 



AniUDiCATioir of the Mbdaui of the Royal Socibty for the year 1839 by 

the President and Council. 



The CovwY Medal to IIob«iit Brovk, Esq., D.C.L., F.RS., for hh dbooveriesi 
during^ a series of yeais, on the subject of Vegetable Impregnation, 

The RovAL Mbdal, in the department of Astronomy, to Jambs Itory, Esq., K.H., 
F.R&, for his paper entitled ''On the theory of the Astronomical Re&actions" 
published in the Philosophical Transactions for 1888. 

Tike RovAL Mbdal» in the department of Pbyrioh^* including tlie Natural History 
of Organised Bt^ngs, to Martin DAaair« M.D.» for ills papers entitled ** Researclies 
in Embryology " published in the PhikMopbical IVaosactions for 1838 and 1839. 



Digitized by Google 

^1 h 



CONTENTS. 



XIV. The Bakrrian Lecture. — Inquiries concernhig the Elementary Laws of EUc- 

tridty. — Third Series. Bf/ W. Snow Harms, Esq. F.R,S. . . . pagie 215 

XV. Oil the CondUimus qf Equilibrium of an Tnamqiremble Fitnd, the Particles of 

which are acted upon hi/ Accelerating Forrfs. By James Ivory, K.H. M.A. 
F.R.S. L. S$E., Instit. Reg. Sc. Parisy Coiresp. ct Reg. Sc. Gottin. Corresp. 243 

Note of Mr. Ivory relating to the crrrrrrfing of an error in a Paper printed in 
the Philosophical Tran.mctiom /or 1838, pp. 5/, &c 265 

XVI. Report of <i (Jcometrical Measurement of the Height of the Aurora Borealis 

above the Earth. Hi/ the Ww. Jamks Parquharson, LL.D. F./t.S., Minister of 
the Piuish if Alfiird. Communivaied by Major Sarin k, R.^J. f.R.S. ike. 267 

XVII. On the Constitu/ioii of the Resins. Part II. i?y Jamf.s F. W. John'jton, E.'iq. 
M.A., F.R.S., Pro/tsior if Chemistry and MincruLgy in the Uuiversili/ of 
Durham 281 

XVI II. Oil t 'i' ( n.^iifiitiun if f/ic Resins. Part III. J5?/Jamks F. W. Johnston, 
M.A., F.Ii.S., Pnfessor of Chemistry and Mineruiagy in the Univer.sity of 
Durham 293 

XIX. ResearcJu s in Emhryology. — Swund Series. By Martin Barry, M,D. F.R.S.E., 
FkUoic of the Royal College of Phi^sidana in Edinburgh. Omimmicated by 
V.M.JUmrriM.D,See.ItS. 307 

XX. Researches in Physical Geology. By W. Hopkins, Esq. M.A. F.R.S., Fellow 

^ the Royal jistrmmnieal Saciely, of the Chtdagicol Sociehf, and of ike Cam- 
bridge Philosophical Society.-^Ftrst Series. 881 

XXI. A Ihseription of a Ilydropneumatic Baroscope, John Thomas Coopbr, Esq, 

ComnuodcaiML Wiuiah TkOHAS Brands, Esq. F.R.S. 425 

/idler 433 

ApPBNDIX. 

Presents [ i ] 

Meteorological Journal kept at the Apartments of the Royal Society, by order of the 

President and OnmcU. 



Digitized by Goqgle 




Digitized by Google 



PHILOSOPHICAL TRANSACTIONS. 



XIV. Tarn Baxbrun LacnmB. — Inguirie$ etmeermng ike Elementary Lam Eke- 
irieiijf.—Tlurd Series. % W. Snow Harms, E^q. F.R^. 

1. There is no department of science in which the perfection of qaantitative meft- 
snrement, and a clear perception of what we really meaainr^ ia mora called for tiian 
in tint of electricity. If we except the valnable reaeavcbet of PirofieMor BoanMMr and 
of C ouui^iBS, and the more recent investigations of Dr. Faraday, we can scarcely be 
said to possess, in common electricity at least, any connected series of experiments 
carrying with thcin a rigid numerical value. In the various inquiries into the ele- 
mentary laws of electricity, wbicb I have had the honour of suhiuittiog to the con- 
sideration of the Royal Society, it has been my endeavonr lo perfect our m^bodtf 
of electrical meaaurement, wbetiier relating to the quantity of deetricity, intensity, 
indnctive power, or otiier dement requiing an exact nnmeiical valne, and, hf 
operating with large statical forces both attractive and rapnliive, to avoid many 
sources of error inseparable from the employment of very small quantities of elec- 
tricity, such as those atfecting the delirnt! balance used by Coulombb. 

The instrunieuts resorted to in these turther inquiries have been employed with 
this view ; they have been already described* ; I have only occasion to briefly men- 
tion Bome recent improvemente in the hydrostatic electrometer motioned in my first 
paper*, and rqnesented in Hate III. fig. 1. 

2. In the instrument here shown, the column M, carrying the graduated arc, and 
wheclwork W, consists of two cylindrical brass tubes /, V, about an inch in diameter 
and fourteen inches high. That on which the wheclwork is placed moves freely within 
the other, so as to be readily elevated or depressed by means of a rack fixed in it, and 
a pinion attached to the upper part of the outer tube at M. The object of this mo- 
tion is to enable the eqwrimenter to vary the distance between the attracting or re- 
peilbg disca m,/ without disturbing tiie lower ^lac/, or otherwise to adjust the same 

• Fhiiflwylikal IVuiiMtiaiii fiar 18S4. 
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distance by obanging the position of both the discs, manipalations which greatly 
iiai[dify many intricale cases of experiment. 
8. In Older to estimale die distanoes when the position of the disc m ii farie^ *■ 

graduated sliding piece /, about three incheskmg, ie placed upon the inner tut)^ free 

of the rack-work, and being moveable upon it with friction, may be set with any re- 
quired altitude of the whole column M to zpio of its scale. In this way all subse- 
quent changes of distance produced by elevating or depressing the interior tube t are 
Msily known. 

Changes of diatance attendant on the motion of the lower diae /are eetimated, aa 
before, by the gradoated elide the fixed tube of whicb ia attached to a fbot-pieee P, 

moveable in a bevelled groove in the base B ; the whole may be bence withdrawn for 
a certain distaneci, if required, so as to place the diac / withont the ioAnenoe of the 

upper disc m. 

The disc m is suspended from the fine silver thread passing over the balanced 
wheel W, by three threads of varnished silkj after the manner of a common scale^pan, 
ao as to iMttlaie it if i-equisite ; it ie oonneeled with the ipronnd in wdinaiy caics by 
a fine wire, terminating in a small hook looedy hung from the lilvar tliread to the 

surface of the dii^ aa at A k', fig. i. 

The jrlass vessel V contaifiiiig the water, and counterpoise float., are here supported 
in a riri^'- of brass, min > able in a brass tube attached to a sliding rod y. This rod is 
acted on by u nut and screw inuloiieil io a cylindrical piece c fixed to the horizontal 
plate carrying the whed-work. Hence the water vessel may be elevated or depreased 
at pleasure and the index • readily adjusted to aeco, or any other required point on 
tliearc 

4. These provisions enable us to operate with the instrument in the following way. 
Let it, for example, be required to estimate the attractive force between the plalM 
ai^yat any given distance, D, siipi>ose •<> of an inch. 

We first bring the discs in contact so nearly as may be, and then set the graduated 
slider / at zero of its scale, by bringing it to coincide with the upper edge of the 
o«ter tube M. We then (having also set the slider supporting the insulated disc/ st 
aero) dther nana the tube # *6 of an inch, or depress the ilkle ; by the Mune quantity, 
or otherwise raise the upper and depress the lower disc by quantities making together 
•6 of an inch ; In either case the discs will be finally "G of an inch apart, measured 
between the opposed surfaces previously in contact. Under tije-se conditions let 
either plate be taken insulated and charged, wiiiUt the other is neutral and free. 
Suppose the lower disc/ to be chaiged with a given quantity, and the suspended disc 
as free. , Then the attractive force whieh enmies. will oanae the mdex to advaoce in 
the directioii o y a g^ven muiber of degrees, eoneeqncatly the distances between the 
plates m,/ will be diminished. Let the index be now brought a|^n to zero by tum- 
\n<^ the milled head of the screw c so as to depress the water vessel V; then the force 
between the plates, whatever it be^ is acting at '6 of an inch. To discover the amount 
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of this in degrees, we discharge effectually the air and opposed plates m,/by touch- 
iog them simaltaneously with a beat wire. The force then vanish^, aod the index 
deeHiMt in the directiM o The ammmt of this dcdlnatiofi it evidently the force 
ia dq;iecs at the given dietanee D tae *6 of an inch. 

Do we require to obtain a force of any given namber of degrees at a given distance^ 
we first adjust the distance as before, thf index bo'ing at zero of the arc, then depress 
the water vessel V antil the index has declined the given number of degrees in the 
direction ox; we now continue to add small quantities of electricity to the insulated 
^ / until the index is again brought to lero, we have then in notinf^ the qoantity 
of electridly the reqniied attnu^ve foraa dne to this qoantity at the given di- 
etanee*. 

6. The general prlndpleB of this instrument, together with its mode of action, being 
now under'=tooff, T may merely observe, that although not available for the measnre- 
inent of sucii nnnnte forces as those applicable to the balance of torsion employed by 
CouLOMBB, it is still peculiarly delicate, and udmirably well adapted to researches in 
Statical electrtdty. Its indications depending on the inee between two opposed 
planes operating on each other under given cendidons, are redndble to irimple laws, 
ttid are lienoe invariable and certain. The attmctive force between the discs is not 
subject to any oblique action, is referable to any given distance, and may be estimated 
in terms of a known standard of weight. 

6. It may not be unimportant to ronsider here the nature of the indications of this 
aud similar instruments in electricity ; in other words, what we really measure by 
menna 4^ such instrumenti. 

This question is of oontiderable moment} for should the force between the discs be 
in anyway influenced by a preearions distribution of the electricity, on or about their 
surfaces, and liable to become further complicated by the distribution on the surfaces 
of the conductors, and other bodies placed occasionally in tortnoiTs ronnrction with 
them, as in fig. 7, 8, 9, it would, perhaps, be impossible to say what we did really 
measure by any instrument such as tliat described; we should at least require the aid 
of n formidalde analysis involving definite integrals of unknown functions to deleiw 
mine it: fortunatdy however sudi is not the cases the force between the attracting 
plates m, /, stands, as may be elcariy shown by experiment, quite clear of any hypo, 
thetical distribution whatever of the electricity, with which the discs am chars'ed, or 
with which anv series of bodies may be charged in connection with them. Thus the 
general laws ol electrical action arrived at in my former coiuiuuuicattons-f' remain 
uninfluenced by any new condition of the connecting rods, or other bodies of variable 
form, with wUeh the attracting bodies may happen to be connected. The question, 
therefore^ what do we measute? is very easily answered, as readily, in flmt, sf a almlter 

* Tbere are Mine precautions eMcnual to observe in the use of thia and similar inatnimenti^ whkh will be 
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question would be, if applied to the tliennometer or any other instrument, the nature 
of whose indicatiom are necessarily determined by experiment Thus we otisenre 
that with doubly trebly &c. quantities of electrid^, either aoenmnlated on the insn- 
laled plate /, or on any insulated conductor connected with it, wc have invariably 4, 

9, &c. times the attractive force indicated on the giaduatcJ arc, the distance between 
the discs l emaininir the same ; no matter for the form of the chars];^^'! bodies in con- 
nexion with the insulated plate or the form or disposition of any uuniber of rods 
connecting them. Hence conversely, when the attractive forces are at distance unity, 
4, 9, &c. times as great, then the respective quantities of deetricity accumulated, 
under the existing dispositioii of the conducting snrftce, are 3, S, &c. times as greats 
the quantity being as the square root of the indicated force. Similar observations 
apply to a variety of other quantitative mcasnrements, of which this instrument is 
susceptible, as in tlie case of the attractive force communicated to the insulated plate 
/, when connected with a charged conductor of any given form, and which by experi- 
ment remains invaiiable, at whatever point of it the connection be made. Hence the 
general electrical intend^ of such a conductor is always represented under any new 
disposition of its surftoe, as shown in my experiments on the capacity of rectangular 
plates, qrlinders, spheres*, &c. Hiese and similar facts deducible by experiment 
enable us, independently of all theory, to investif,nite by this electrometer certain elec- 
trical relations, such as that of quantity to snrtace, of intensity tn figure, and the like, 
with accuracy and precision. This qu&ition then being disposed uf, we way proceed 
to the further consideration of the elementary laws of electrical action, the subject 
of these inquiries. 

7. Electrical attraction and repultion, as commonly obeerved, are invariably 

attended, if not altogether preceded by other forces of a more elementary character, 
withont the presence of which, neither of these interesting'^ plienomena would pro- 
bably ensue. These more primary actions we have, in accordance with the prevailing 
theories of electricity, classed under tiie general liead of inductive actions. Faradav 
has lately investigated the nature of these actions in the Eleventh Series of bis admi- 
rable Besearches in Electridty. The three following experiments exhihit some phe- 
nomena Hi induction not generally noticed, although the results are such as might be 
previous^ anticipated : the experiments however are still new of thdr kind, and very 
iHustrntive of what takes place, at the instant two bodies attract or repel each other 
by tl 1 agency of electricity. 

Let a circular disc of gilded wood, about six inches in diameter, a, fig. 2, be sus- 
pended by an Insntaling tiiread of varnished sillc Seom a common balance or the 
periphery of a light wlieel W, the axis of which rests on friction wheels so as to aUoir 
it great freedom of motimi ; attach a ddicate eieetnscope r, to tins disc, and oounteiw 
poise the whole by a weight p. Let a similar disc h, Insulated on the glass rod g, 
and having also an electroscope r' attached to it, be placed atany convenient distance 

* PbikMopUaa Tnipwctioiu iot ISM. 
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immediately under the former*: whea the two discs are placed in certain electrical 
relations to each other, under a good insulating state of the ur, the followiug phe- 
aomeDa nny tlieB be otwtrvecl. 

Eap. I. Ttie disc k hdog charged with either electricity, and opposed to a, inta- 
iM«d and neotral, we obienre the dectroscope r of the neatial disc begin to rise off 
its surface, whilst that of the charged disc 6, already in a state of divergence, will 
tend tu collapse. When theie leapective effects ensue, the stupiHided disc descends 
towards the charged disc. 

Exp. 2. The two discs being both previously charged with oppo!»ite electricities, 
we ob8»ve, in opposing them ae before, both theeleetraicopes, r, r\ begin to fall back, 
at which instant the discs ^>p6ar to attract each other as before. 

Exp. 8. The <U8cb bdng now both charged with the same Icind of electricity, we 
observe the divergence of the elect roscopesr, increase ; at this instant the suspended 
<U8C recedes from the fixed di«r, heing apparently repelled by it. 

It maybe further observed in the first experiment, that the operation of the neutral 
on the charged disc, as indicated by the electroscope r\ is greater when its superficial 
eirtent is Incrensed. Thos, if it have a temporary conneidon with an imwlalsd con- 
dnctor of twice or three times its snrlhce; or otherwise, if it form the terminating 
Bor&ee of a hollow cylinder of the snme diameter and of any given altitude, the c<4- 
lapsing of the excited electroscope r* attached to the charged disc will he more eon-' 
sidf'nililL. If It lui' e a rondiirtinfr rnmmunication with the ground, then, as is well 
knnwn, it- iiitluence oa the cliiii i:t (1 disc is, at a coustuat distance, the greatest possible. 
In muuy ul these cases, however, the influence of the charged on the neutral disc is, on 
Hm contrary, less s^ibly shown by the dectrmoope r attached to (he latter, in oon> 
sequence of the operation bdng extended to laiger masses, and to more distant points. 

8. The respective inflnenoes on the electroscopes just observed, and which precede, 
or at least accompany the attractive or repulsive forces between the discs, may be 
distinguished in the following way. Iti the case of the first experiment, the electro- 
scopes indicate two inductive and simultaneous actions. One of these may be con- 
sidered 02: a direct induction, the other as a reflected iuductiuu ; bupposiug, as is nut 
unlikely, that the indnction of the neutral on the charged plate is entirely dependent 
on the electrical state exdted in the former by the direct influence of the latter, by 
triiieh an opposite force is induced, and which reading on the ebaiged <Us(^ neutralises 
a porti<m of its free electricity. 

* The electroscopes r, r* tnajr consist of light reeds, with pith balls at their extremities, countcfpoised on a 
delicate axis of brass, set on pointn in metallic nog* r, r*. Tbese are fixed in the centre of tbe {dates a. b. Tbm 
teed and ball on the uppvi one is a little heavier tiMn llie connterpoiae r ; on the kurer one fbe co«tnterpoise h 
beoffkrtiMa the iced and baD. Thm, laa ncnlnl sMe^tbe baUaliepaialldirith the surfaces of the phites, and 
rise from them by rppulsion, with the slightest force. It is onlf reqwsite to observe, that the jjith ball« should 
not in the neutral state actually touch the surface, but remaia elevated within a very small distance of it, 
vhkbni^lienadnyeiecladlijrfziBKaaBulla^af eoiktofheijlBitej^ Bftiit»««a.vdd 
mf adliHicn of dw Ml tu dit plsMi whidi iulNftm mk^ the •mocm of Os esjNriMal. 
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9. Pursuing iim view we may further infer, as in fact may be shown exp riinentally, 
that similar inductions really tend to arise in both the subsequent experiments 2, 3, 
notvitbstanding the praienoe of tbe iSmikat or dinlnilar tettloiliei i lhat is Co wy, 
indncUve ANrceB tend to aiite in cochi diae, rimilar to tiioBe which woold ensue if 
dther piste were reduced to a stste of nentialityi tht» mcraulog the amount of the 
attractive forces in tbe case of the plates being charged with opposite electricities, 
and decreasing that of the repulsive forces when the discs arp ch;irc;cd with similar 
elertricities* : the laws of electrical attraction and repuhioa therelore arc intimately 
as&uciated with these inductive forces ; hence, as observed by Faraday, it is requisite 
to examine rigidly the nature and operation of this wonderful inflnence. 

10. There are many striking pheiioniena of electrical indoction, which lead na to 
ooadnde that it is in aome way dependent on the presence of an exquisitely subtle 
form of matter pervading bodies, which may become dbrt;orbed in them, and assume 
new statrs or conditions of distribution Tf)f following- experimentat analysis gt>es 
far to J ihit L- this beyond the limit of a mere itypoihesis, and to confirm it as an ele- 
mentary principle in electricity. 

M, N, fig. 3, are two «^inderB of gilded wood, abotrt fiaur indies in ^meter and 
six iaehes Icmg; tbe extremities of these cylinders terminate in thin slices, a, 6, d; 
all the different pieces are insulalsd on deader rods of varnished i^aas, fixed in sqiSr 
rate stands ; these slide upon the pieces F by means of a groove and steadying 
pins in the stands ; thus the false ends a, r, r/ may be either placed in contact with 
the cylinders M, N, or he otherwise placed at any given distance from them. The 
pieces E, F also slide in a similar way upon the base P P, so as to admit oi tbe two 
bodies, M, N, being placed at any given dtstanoe apart. 

Exp. 4. Electrify the cylinder M, and slide It to within any gtven distance of N ; 
the latter will, as is well known, become electrified by induction, and tbe cylindrical 
slices 6, d, if removed on their insulating rods, will bs In opposite electrical states. 
But if before removal tbe char^f'fl body M be withdrawn, then the whole system rs> 
turns to its previous state, and exliibits no electrical sig-n whatever. 

Now it may be inferred, that if the peculiar condition ot the extremities bordf con- 
iMered as poitfons of the body ander indoction, dcp^ided mcvdy npon some pecnfiar 
afifection of the particles of common matter, and not on some agency assodaled with 
them, then on removing the slices h, d fimning tbe extremities, the forced stale should 
vanish ; for it is difficult to conceivs bow any prbdple of return to quiescence appli- 
cable to the whole body N, when removed fi-om the influence of M. shotild not also 
apply to any part of it placed under the same conditions, e.g. to the tbin bections, 
6, df forming its extremities. But on remov ing the extremity d we find, as just stated, 
^at tbe forced state remains. 

£xp. 5. Examine in a similar way the thin slices a, c, constituting the extremities 
pf the charged body M, having first determined the intensi^ of the ehaqpe prevunisly 
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to opposHig' U to the omrtial oylioder N. Thtn we find tbe intetuity of the dtotant 
eztramitj e considerably diminished, and thftt of tbe praximate extremity o oonai- 
derably increased ; and this effect becomes the more apparent as the distance between 
the boflies is less, and will be strikingly sho^vn if N be connected with the eai th*. 

Exp. 6. Electrify the cylinders M, iN, one positively, the other negatively; theaoB 
examining each as before, similar results will ensae} the distant extremities will show 
on removnl less aeoaroalation than the praximate ones. 

Exp. 7' Electrify the qrUndeei, both podtively, or both negvtifdy, we have then 
ao opposite resolt. The dietant extretnitiee will exhibit a Idgfaer poeitive or negative 
accumulation than the near ones. 

11. These results, thereforo, all appear to show, that some extremely «nl)t!p form 
of matter pervades bodies, which may be caused to chang-e its state in them in respect 
of quantity. To determine the i-espectivestat^of accuniuiative change in tbe bodies, 
I employed the dectrometer joit deecribed, and examined them, «ther 1^ their In^ 
dnctl?e loflucnce oo ao area of equal magmtode, or by ilmply oppoeing tlie remofcd 
•lipes to the suspended plate m, fig. 1. at a constant distance, or by other methods not 
necessary to dwell on here. I obtained in this w;ay some interesting results in re- 
spect of the relative quantities of electricity displaced at given distances, whidi will 
be noticed in anotiier place (32.). 

If we place at the extremity h, ui tiie cylinder N, three or more consecutive insulated 
rficee, insnlating them on glass rods, in any oonvmient way as in fig. 4., and then 
prooeed to examine the electrical state of tliese alioes whilst nnder the influence of 
Ihe charged body, the electricity of the distant extremity d, will fireqaently be foand 
extending up to the last section b ; and, contrary perhaps to what we might expect, 
the point to which the electricity of the distant extremity d extends toward A, will be 
greater as the intensity of M is greater and its distance from N less, as if the displaced 
electricity not being enabled to pass iVeely off in tbe direction b <4 supposing M posi* 
tivdy charged, was oontinnally, as it were, bounding bade or reverberating upon the 
extremity b, a Ihct which may be further ohaenred in the following experimenL 

Exp. 8. Oppose a cylindrical conductor D, fig. 5., about three ftetin length and 
four inelies in diameter, to an electritied cylinder C, charged with positive electricity. 
Test the sttite of different points of this cylinder D by touching it with a tangent disc 
of very smali thickness. If we ascertain in this way tbe first point at which the elec- 
tridty erinoed is negative, we shall find on bringing the charged cylinder C within a 
less distance, or otherwise increasing Its intensity, that the same pofot irill hecoaw 
positive. The same thing oocnia in Increasiiig the ntent of the opposed areas at the 
extremities of the cylinders, until at last the points imme^ately in tbe vidnilj of tbe 
e|»posed end will become podtive. 

* In the»e cxp>criment3 It i« better to detach first the central portions M or N whilst under lidliednit vlWB 
«• wiab to examine tbe stnte of the leauuning alioee «» ^ or 6inin§ tbe estremitiee. 
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Exp. 9. Detach in fig. 4. tiie eeRtnd part N and extremity d of the cylinder N, and 
remove the charged hody M. Then if the extremis h conaiet of two or more aeetleni^ 
h, r, f, tbcM sections iriil evince nega^Te electricity, M being positively chacged ; hot 
if after detaching the central mass N we allow the charged body M to remain, and 

then take away the further slice *, this slice, which under the former arran^ment 
evinced negative electricity, will now evince positive. There mnst consequently still 
remain a portion of electricity suflScient to electrify the remote section positively, al- 
though not eqidvaknt to the negative itate of tiie three aKoei taken together, and 
removed firom without the inflaence of the chaq;ed hody. 

13. Since then the negative state of an indefinitely thin slice 6, immediately opposed 
to the charged body, may be supposed to depend on the dectricity diqjrineed fimn it, 
and rollccted in the detacbe<l central mass N, we may conclude, in accordance with 
the well-known fact, that tliis negative state will be the greatest possible when the 
electrical capacity of N is indefinitely great, that is to say, when it is connected with 
the ground, and widiat the influence of the cfaniged l>ody M is ttill operating on it. 
Hie near snrfece 6, therefore, of a free neutral hody, N, fig. 8, under the induction of 
a body, M, poaitively charged, is greater than wonld he apparent upon the whole 
body after cutting off its connexion with the earth. 

The inductive action, whatever it be, which thus takes place between a charged 
and neutral body, duoi not appear to be in any degree influenced by angular di- 
vergence, but is exerted equally in every direction from tbe point at which the in- 
duction first oonunencei; this nny be iodhned from Ae Mowing experimont. 

Exp. 10. A cyBndiical conductor, N, figs. 6, 7» was so constructed as either to 
constitQte a angle straight line, fig. 6, or assume a rectangular form, aa in fig. 7. It 
consisted of two straight cylinders of gilded wood, each about a foot in length, and 
three-fourths of an inch in diameter, united to an intervening ball N by means of 
short brass pegs. In this way the two cylinders could be easily placed in one straight 
line, as in fig. 6, or at right angles to each other, as in fig. 7. Under this condition 
one extremity, /, fig. 6, was placed in eontact with the Utsnhtted hall / and diac of 
the electrometer, fig. I, and the oppoeite extremity united to a Bgbt diac c, of about 
three inches diaineter. The inductive fince was impressed upon this last by achaiged 
cylinder, M. The distance, c a, and quantity with which M was charged being the 
same, it was easy to discover whether any difference arose in the attractive force on 
-the electrometer at the extremity /* when the roinliictm- w^i-, lient at right angles, as 
in fig. 7> or otherwise allowed to form u stx-uight iiue, a^ iu tig. 6. No appreciable 
dUfisraice, however, was observaUe in tbeae diftrent diaposltiona of thecondnctmrN. 
Thus tbe distance e a being ouft-fonrth of an indi, and the charge tbe same, tbe elec- 
trometer indicated in each instance ten degree^ tbe discs m,/ being also one-fourth 
of an inch apart. The quantity and distance c a was varied, but a similar resnlt 
ensued. It may be hence inferred that the force impressed upon the diac c is propa- 
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gated in the conductor equally in al) directions, tljus exhibiting in 8 remarkable way 
one of the primary laws of fluids. 

18. Since theae fiusts famish Mme evidanoe in fiivonr of the conclusion that elecw 
tric«] phenomena teealt fi:om certain clMOges in the distribution of a subtle kind 

of matter associated with the particles of bodies, it may not be unimportant to ex- 
amine the laws of these changes in the cases of indoetion and attraction above men- 
tioned. 

It must be apparent by experiments 4, 6, 6, figs. 3, 4, that in the ordinary attract- 
ive force between a body positively charged with electricity, and a neutral bodyN In 
a iinee stiUc^ three actions arise daiming particular notice, viz. a receding of the nap 
toral electridty of the nentral body, fiom the points nearest the body charged posi- 

tively ; a passing of electricity from the remote points of the positively charged bo^ 
toward the neutral body; lastly, a tendency of the opposite electrical forces to come 
together and enter into a species of union ; which last condition sectns f<» be tiie im- 
mediate cause of these two bodies approaching each other, all impcUimcnt tu motion 
being removed. 

14. With a view of disobvering some of the knrs of these induced changes, I resorted 
to the method represented in Hate IV. fig. 8, in which A, B are two flat discs of wood 

covered with tin foil, insulated on varnished glass rods, Ad,B p. Hie upper disc A 
is connected with the insulated disc /o( the electrometer E, and is supported by the 
arm R d fixed to the glass or wood column RT, The lower disc B can be set at any 
required distance from A by the graduated slider S, and retained there by a stop 
screw, S. The rod dA also is moveable with friction through a compressed collar of 
corlc at d, by which it can be elevated or depressed for the more perfect adjustment 
of the contact of the plates A, B, when the slide 8 is at sero of itti scale. 

Exp. 11. The distance, a between the plates bdng made = '3 of an inch, and 
the plate B connected with the earth, a charge was accumulated on A, indicating on 
the electrometer two degrees, tlic discs m,y being- set at •4. The plate B was now 
depressed to twice the distance, so as to make the distance a 6 = 6 oS an inch. The 
electrometer now Indicated at the same distance of *4, eight degrees. By making 
a 6 as il, or time times the first distance, the deetnNneter had advanced to eighteen 
degrees. Hie march of the electrometer therefore was directly as the squares of the 
distances between the plates. 

J 5. Now it is clear in this experiment that the quantities of free electricity in the 
upper plate were inversely proportional to the distances between tiie opposed surfaces, 
the quantity by the demonstrated law of the electrometer (4.) being as the si}uare 
not of the in^cated attraction { benoe the force or influence of the lower plate, that 
is the reflected Indaotion (8.), Is, if measured by the quantities of electricity it ceases 
to hdd in eqnilibrio, as the distance a k between the plates A, B Inversdy ; if measured 
by the indication of the electrometer, inversely as the squares of this distance. 

ir> Exp 12. The forma experiment relates to the influence of distance; it may 

MOCCCXXXIX. 2 o 
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not be uuimportant thcrcfoi-e to observe the effect of quantity undei* similar circum- 
Btanoea. In this experiment, then^ the distaaee a h was fint fixed at *4 of an inch, 
and fonr measores of electriei^ deposited on the plate A. The indicated force with 
this quantity amoonted to a". Wlien eight charges were placed on A, that is double 

the former, the indicated force amoonted to 12^ or four times the former, and so on 
in the sam(' raf io of the square of the number of charjre'!, up to the limit of the action 
of tlie electrometer, which is the law above mentioned^ and shown for the coated jar 
in my first series of papers*. 

17. I conGnned this resolt by making the distance »b^% and eommniUcating 
to the Insulated plate the nune number of ehaiges. The electrometer now indicated 
46% being little different from 46^, the number which ^old appear by the former 
experiment. Tlie plates and electrometer discs were now perfectly discharged, and 
the same *'iL'lit rharcres deposited on A wlieii the distance a h was redMcefl to *2 or one 
quarter. 1 he eieetrometer now indicated 3* only, or -',th of the lonner force. 

18. The reflecteti iutiuence of the lower plate therefore is such, as to hold quanti- 
ties of electricity in eqnilibrio directly proportional to the quantity with which the 
insulated body is charged. 

Exp. 13. 1 extended these experiments to oppoied plates whose areas were less 
than the formcTj but equal, and found, as in the former experiments mth the Leyden 
jar, that the quantity and distance beinj^ constant, the indicated force was as the 
squares of the opposed areas inversely. Thus, when the areas of the plates were 
doubled, the force was only one-fourth as great. 

19. We cannot by this method deduce any accurate result for plates of unequal area, 
as in my former »periment8 on attraction'^', sbioe the charge expanding over the whole 
of the upper disc, and also the electrometer, it does not admit of l>eing neutralised 
throughout, hence the influence of the opposed portions only is not apparent; neither 
will the laws above mentioned be r!c:idly exact, if we charge the insulated plate A 
without the influeiH e of the opposed plate fi, since in this case also the electrometer 
discs receive a maximum of charge at once, which cannot be subsef[ut'utiy diminished 
SO as to show the action of the neutral plate B. iBot in accumulating the chai^ 
under the inflnoice of B, the dectrometer charges gradually, and with the eleetiidty 
not held in equilibrio by the lower plate. 

20. In the three preceding experiments the neutral disc B, had a free CMinexion 
with the ground. We shall now take it insulated. 

Exp. 14. The plate A being charged under the influence of B as before, at a di- 
stance of -2 of an inch, indicated by 4"^ of the electrometer with the discs m, / at -6, 
the conducting connexion of B with the ground was removed, so as to insolate it In 
this case the indncUon upon B was the greatest possihle at the given distance '2. 
The pbte B was now depiesMd *2 and *4 of an inch fiirther, so as to obtain double 
and quadruple the first distance successively. The march cf the electrometer in this 

•ItaMMtiaiHiiCtlisIloplSodttrfcrlSS*. t IbU. 
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ciM was no longer ai the iqiuures of the diitaiioes a m In £xp. 11, being noir m 
the dbtance; tbm at '2 the force waa 4% at '4 = 8*, at -8 s le*. 

The following table exhibits the resnlte of the comparison of the inffalafted and vn- 
iasolated state of the jplate B at otbor diatanfies and with other cbargea. 



Table I. 



Inaolatcd u '3. 


t'naiAuIatcd. 


Due 


Forte. 


Dist 


Porte. 


•3 


3 


•3 


1 


•6 


7 


•6 


12 


■9 


10 


•9 


26 



The approximation to the laws above mentioned are here very close 

It is then apparent from these results, that by limiting the electrical eapacity of the 
opposed plate, we fix the direct inductive action up to a certain limit ; hence the sub- 
sequent effect is due to change of distance only, and is in a simple inverse ratio of the 
dittance. Fasluulv has shown in the Eleventh Series of his vakiable Researches in 
Electricity, since this experiment was first made, in what this effect of change of di- 
stance conrists I he observes, (sec. 1303,) "there is perhaps no distance so great that 
induction cannot take place through it: but wit!i the same constraining force, it 
takes place more easily, according as the extent of tlie dielectric is lessenet!," &c. &c. 

21. Exp. 15. A plate of g^lass very dry and varnished being opposed to the plate A, 
and a charge accumulated as before, no change was perceptible un altering the di- 
stance, or <Kl the ronoval of the glass ; we may heaoe infer, that a perfectly non-con- 
ducting substance is insendble of any new ekctricai state, by ample induction under 
common circumstances. 

Exp. 16. The plate B being insulated and opposed to A, the difference on the eleo- 
troTTH'ter after removal was still very small, and at moderate distances of "2, '3 of an 
inch quite inappreciable. These difTerences, however, became greater by increasing 
the thickness of the plate, or by uiluwing a small conducting rod to project from it. 

We may, therefore, fardier infin', that in an Insabled condttding disc Indeflidtdy 
thin, the ioduetive capadly is indefinitely diminished*. 

93. Electrical attraction then, n evidently a complicated operation, and may not 
tinfrequently give rise to results apparently of an anomalous character. The uniformity 
of the force dependnig on a perfect accomplishment of the inductive changes above 
mnitidiitd. sliould these be in any way limited, or interfered with, the force may 
appear to vary, or be also limited in the law of its action to certain distances, as is 
apparent in the following experiments. 

* The caie nuut not be taken as identical with that deacribed byFABADAT (1295.), \re aie hecespeaking of 
■ainnilKteddiie, aotadbe oomNetediridiflieeuflii ao MMMt HiifilmaM Hi flwawyiiwj, m alwtdy ihowi 
^ dM iwfnded ^ «r Ae destiMMltr. 
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Exp. 17. When two citculur discs m /, fig. 1, were opposed to each other, the 
SDspended disc m being perfectly iuiilated and tbin, and the lower disc charged po- 
sitively, Utile or no attractive force was observable at '3 of an inch distance. At "2 

of an inch the force amounted to about a cle^'ree. On touching the neutral disc with 
n con(!iiL'titi<,^ rod tlic force appeared to be indefinitely increased, not being under tlie 
same charge and distance measurable by the instrument. 

Exp. 18. A varnished disc of glass being substituted for the disc the force was 
not appi'eciable at any distance. 

Exp. 19. The opposed discs being charged, one positively, the other negatively, and 
to as nearly the same degree as poarible, the forces were observed corresponding to 
various distances by the process above described (4.) ; they were as the simple di- 
stance inversely, or very nearly so. Now it is to be observed in this case, that the 
discs heiiig tliiii, tlie positive and net,Mtive accumnlations, as in Exp. 14., were already 
the greatest possible, 01 very nearly so : all subsequent inductive change was therefore 
precluded, and hence the increase of force was due to change of distance only, or 
according to Fabaday, to the intervening didectric parUcles being lessened. 

Exp. SO. The lower disc bring charged positively and the upper plate allowed to 

remain neutral and free (4.), the force within given Unuts was as ^ but at near 

distances as -j^- 

Id this case the lower disc / having a limited thickness and charge, ie not fully 
susceptible of the reflected induction at all distances; hence this force is impeded as 
before, and the conditions at last approximate to those of the permanent positive and 
negative states in the preceding experiment. 

Exp. 21 . The lower disc / being connected widi a charged jar or coated plate either 
of air or glass, as in figs. 8 and 9, and the suspended disc m placed in connexion 
with the ground, the forces were as the squares of the distances inversely at aD the 
distances at which the experiment could be tried. 

It is to be observed here, that the inductive capacity of eaeb surface was indefi- 
nitely incrcasetl, whilst the quantity of electricity accumulated might also be con- 
sidered m indefinitely greut in respect of the charged surface. 

33. The generally received law of dectrical attraction would, by these phenomena, 
appear to be rather a result ai the conjoint operatkMi of two elementary actions than 
a simple law, such as that observaUe in the action of forces supposed to emanate 
from a centre, since it is not demonstrable, except under given conditions of induc- 
tion peculiar to the attracting bodies. When the positive and negative stafes are 
iixed and invariable, the attraction between the plates, as found by experiment, is 
really in a biiupie inverbe ratio of the distance. 

£xp. 22. With a view of examhdng this result more rigidly, and disengaging the 
electrical particles so lar as possible from all association with a conducting substance, 
I procured two thin circular plates of glass, about *6.nf an inch diameter, and having 
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g^ven than tempui-ary cuatings of gilded irood» M ill fig. 10, 1 chained eaeh with a 
given quantity. Tlie ooetlnga were now removed, and the charged glass plates traQ»» 
ferred to the electrometer with the positive and nq;ative snrfikces opposed to each 
other, as at m /, fig. 1 . The lower plate in this case was supported on a sUgbtly 
curved glass, similar to a common watch-glass, so as to avoid the presence of any 
conducting substance, and three silk lines of suspension attached to the upper plate 
by a little i>ealing-wax. lu this experiment we may conceive the force to result purely 
from the action of the opposite electricttieSf which may in this case be eonsidwed as 
fixed and incapable of any further change, nnce by the law of the coated jar no elec« 
tricity can be added or taken from one side without a simoltaneous corresponding 
change on the other, hence one side only may exhibit free electricity. The glas-s plates 
themselves also, not being susceptible of induction (Exp. 15.), cannot be supposed to 
share in the attractive force, whilst the remote surfaces of each j)late are virtually 
neutral. Under these circumstances the force varied very rigidly as tlte distances 
between the plates invendy, at all dhrtances at which the experiment conid be tried. 

94. The relations of the inductive to the attractive force becomes under this view 
an interesting subject of inquiry in electricity. I endeavoured to examine still further 
by a careful series of experiments the general law.s of these forces, and succeeded in 
arriving at many results calculated to throw additional light on the nature of elec- 
trical action. 

. Two discs m,/, fig. 11., were opposed to each other, as explained in the Society's 
Transactions for 1834, p. 2a0, that is to say, the disc m was suspended from one arm 
of the balance B, whilst the disc / was connected with a coated jar; the attractive 
force between the discs at various distances being measured by weights placed in the 
scale pan p, and the qnantity of electricity estimated by the unit jar n. 

Exp. 23. The suspended di-c being very perfectly insulated by varnished silk lines, 
the force of attractiou at a constant distance was examined with a given quantity of 
electricity in a very diy atmosphere, and subsequently compared with the force under 
ibe same conditions of quantity and ^Kstance, when placed in a free slate by a small 
connecting wire accurately balanced and hnng firom the pdntgs the <fiflinence, as 
may be anticipated, was very great. In the insulated state, it required sixty charges 
before the force was equal to one grain at a distance of '2 of an inch. In the fiee 
state, three charges only were requisite to rn'}<e f<ne grain at 2. 

Now we have before seen, that the force between two attracting discs, is as the 
square of the quantity of electricity communicated to the charged body; the force, 
therefore, in the free stale with sixty charges, could this quantity bo aceumnhited 
and retahoed, would have amounted to 400 gndns t or otherwise taking only three 
charges in the insulated state, it would have been only the xhr^^ of a grain. The 
force therefore in these two states may be taken as inversely proportional to the square 
of the number of charges. Hence titc force between the plates was greater in the 
free state in this particular case^ in the ratio of 400 : 1. 
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95. Exp. 84. With a view of otNerrii^ the ivte of incNMe of the attobotlfo focce 
as tlio capacity of the mratral body was caused to increase, I placed snoccHivdy on 

the suspended di=;c m a series of rings of gilded wootK as in fig. 13, so as to increase 
the thickoesa firom '1 of an iaoh to two inches ; the results are given in the following 
Table. 

Tabu II. 





•1 


•» 








2-0 




60 


50 


40 


30 


84 


20 


16 


Force compared with the 1 


400 : I 


277 ■ 1 


177 : 1 


100 : 1 


G4 : 1 


44 : 1 


28 ; 1 


Force of sixty meuma re- 1 


- 


1'44 




4 


6'i 


9 


14 



The amount of charge for the first experiment* both in the insnlated and free statfl^ 
waa as near as conld be determined. The beam drojqied in the latter case vrath some- 
thing more than three charges, hence the force mast be assamed as something less 
than a grain. In the insulated state it was not easy to arrive at the pree-isp niiinher 
of charges, although the variations were not considerable: sixty charges of the unit 
measure^ however, corresponded upon a mean number of experiments, to the same 
force, about one grain. If ve assume tlie force for thickness ' t to be something less 
than a grain, let it for exampte be taken at 7i then the force as expressed in the 
lower line would increase neatly as the tiiickness or altitude of the cylinder, wiueh is 
not a little remarkable. 

B^. 25. I followed out this result by examining the force upon three cylindrical 
condiictors, A, R, C, fig. 12, whose altitudes were 16 inches, three inches, and six 
inches, that is, us the numbers 1, 2, 4, and having terminating plane surfaces equal 
to that of the plane disc m, fig. 11. These being suspended snocesdvdy from the 
balance, the force, taken in a free state, amounted as before to one grain, with rather 
more tlian three charges, being the same as the rimple disc taken in a free state; 
when taken insulated, the forces varied, and were nearly as the altitude of the cy- 
linders directly. Now on refernng to the induced force, I found that all this time the 
inductive charges upon the disc and cylinders continually increased with the thick- 
ness. Thus when the two extremely thin slices, h, r, fig. 4, were employed alone, and 
the experiment taken as before in Experiment 4, the opposite electrical state of the 
near dwe was extremely small ; whereas on increash^ the number isi slices, and 
finally the extent of the body N, the induction continued to Increase rapidly, and 
nearly in proportion to the length of N, up to a certun limit. 

26. Tlie attractive forces with these cylinders taken insulated, were found to be as 
the square of the number of charges accumulated, and inversely as the distance, — a 
result I subsequently confirmed, and luund general in all cases of attractive force 
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between a charged and insulated neutral body. Thu following Table, abridged from 
experiments too numerous to detail here, exhibits numerical examples of thie result* 
the cbari^es and distances being given for forces of 1, 4, &c. gfains. 



Tabia m. 



Di(t«nc« of 
turfaoes. 


A. MInehH. 






ChaifM. 


font. 


daifd. 










to 


1 


16- 


1 


9+ 


1 




4t 


4 


80- 


4 


19 


4 




40 


t 


» 


e 


18+ 


9 



It may be bere wen tbat tbe force is as tbe sqnare of the quantity divided by the 

distance, and may be hence represented by the ireneral expression F = -g- We may 

further, hy this result, deduce the for< i which would arise, in each case, with a unit 
of quantity at a unit of distance, and hence arrive at tbe comparative force for each 
altitude, A, B, C. Thus in tbe fint fine, if we take twenty charges as a unit of quan- 
tity thronghout for A, B, C, we obtain, taking oa liefore the force which wonM arise 
as the square of the auntlMr of cbaiges (4.)* the foUowbg result very nearty i-— 

Cylinder A. 1'5 inches high. Force 1. 

Cylinder B. 3 inches high. Force 2. 

Cylinder C. 6 inches high. Force 4. 

By which we perceive that the forces are as the altitudes, or very nearly, the appnoi- 
mations being evidently very near, thus confirming the restdt already arrived at (25.). 
It is not unlikely that in this case we remove, by increa-siti- the li ntrth of the cylinder, 
the similar electricity to a greater distance from the charged body and hence the 
force between the disriodlar elcctridties is less disturbed, so that we may in this case 
be merely noeasnring the difference lietweea the attraction of opposite dectridties and 
the repulsion of similar ones. 

27. Exp. 26. I endeavoured to observe the relation between tbe attractive and In- 
dnrfivp forces more directly in the follow ing way. Having interposed a cylindrical 
conductor, B, fig. 11, about three inches liij,'h, between the charged plate / and the 
suspended plate m, and noted the distances n m and b /, the number of ehargeij was 
determined corresponding to a given induced force in B, as measured by the effect 
on m, Tlie intermediate cylinder was now attached to the suspended disc st by 
varnished silk lines, as in fig. 16, and both suspended ftom the balance so as to aeoer* 
tain under precisely the same conditions of distances, mn, bf, and quantity of charge, 
tbe amount of the attraction between b and /. 

By this method we obtain, l ° a measure of the induction, 2" of the corresponding 
attraction ; and may hence compare these forces under the same or certain relative 
states ; tbe d'uitances bf and m n bdag dther constant or variable. I examined in 
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this way the relative forces of induction and attraction in a great variety of cases, 
and obtained the fuUowing general resjult, viz. tbe attractive and induced force was 
either precisely the same or othorwise in the same ratio, or otherwise redaciblc by the 
application of the general lawt above mentioned (4.) to the «ame nnmerical value. 
The following lUble oontaina the reqiei^ve forces of attraction and indnotion, at 
given distanoei, &c. between the oppond bodies b,/, which may periiaps be quite 
soffident as an dpeiimental iUuBtcation. 



TAnui IV: 





Indnction. 


Attiwilon. 




Suipended diic. 
XMit.Mii. 




Force. 


Qnantii;. 


Fotce. 








9- 


1 


9 


1 


A. <S 






17 


4 


17+ 


4 








«7 


9 


26 


9 








19 + 


1 


10 


1 


B. -2 






40 


4 


21 

'J :'j 


4 

'» 



S9. We perceive in this Tsble that the fiist forces (A.) of attraction and induction 
oorreapond to the same quantity of electrimty, or very nearly, and are tberrfore to 
be considered the same. In the second set of forces (B), where the distance of the 

saspended disc m, by which the induction is estimated, is increased, the number of 
charges correspond inj^ to the inductive force is greater. Still the forces of induction 
and atti-action arc in the same ratio, as compared with the quantity of electricity. 

Tiiuis we have, nearly, 

Ind. quaiit. ly + : Ail. quaut. 10 : : Ind. quaiit. 40 : Alt. quant. 21 

or 

Ind. quant. 40 s Att. quant. 21 : : Ind. quant. 60 : Att. quant. 32. 
But in comfMiring these numerical values we may reason thus: since the quantity and 
distance for the forces (B) differ, let them be reduced by calculation to a unit of 
distance and a unit of quantity ; let the unit of distance be *2, and let the unit of 
quantity be about nine or ten charges, as in tbe first line of the forces A ; then 
taking quantity 19 + oorrespooding to Inductive force 1, we should have for 9*5 
chargeB, that li, half the number ct charges, cnly one-fourth of a giain (4.) i but 
in reducing the distance '4 also to one half or *2, this force would be again qua- 
drupled, and would become one ^rain as before, supposing the force on the suspended 
disc m to vary as the square of the distance inversely, which by experiment it was 
found to do in this case sufficiently near. If we pursue the same course with the re- 
maining experiments on the inductive forces (B), a similar result will be arrived at 
Thus we may reduce the forty charges to twen^-^me, tbe quantity for the attraction, 
and taice the dutanoe 'S inrtcad of *4, we have than similar forces of four gnnns. 
Tbe real state of this and simitor cases, is simply this. In ocmsSqnence of the Uicreaaed 
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distance of the suspended plate, twice the namber of diargtt &ccaiDii]ate before die 

same induced force is shown by the electrometer, although the induction is really 
doubled; lu-nce in suspending- B, fig. 15, the attraction takes place with half tbe 
number of charges, that Is, half the indnction, being the saijip as before (A). 

29. These experiments reqiure precision in the adjustuieui of tiie rt&pective di- 
etances, and in tbe meantrement of tbe respective quantitleft} ibe approximatioBS 
nuqr therefore be crasidered as bdng very close, espedally when we take into the 
accoant tbe many delicate nuudpalations of a general character peculiar to electrical 
experiments. It is, however, easy to discover wben the result is disturbed by errors 
of observation, or hy accidental variations in some of the circumstances attendant on 
a long series of experiments. Thus in the pi'«;cduig i'able (H) it is quite apparent 
that the number of charges corresponding to tbe induced force would be double of 
those corresponding to the attraettve force i and that the diffinence of a few spades 
of tbe nnit measure arises probably from some minute variation in some of the con- 
ditions of the experiment. I tabulated many hundred results; some of them were 
perfectly coincident and exact in the numerical values above given, others less SO ; 
but I had no difTiculty in o1!)serving the laws above mentioned throughout. 

30. It may not be uuiiss to observe, that, as a prehuiinary step, tlie iiilluence of the 
upper disc fig. 14, was examined experiuientally, siuce the active inductive force 
may be supposed to proceed more easily in proportion as this disc in a free state is 
placed nearer to the iiody B under induction. I bad not, however, much trouble in 
simplifying the conditions of the experiment. The force between the interposed cy- 
liiulcr B and the disc m, being, %vithin certain limits, as the squares of the distances m n 
inversely, and as the square of the number of charges directly; I was consequently 
enabled to select such distances and forces as were l>ebt adapted to the particular 
case. The influence of small variations in the distance m n on the Inductive suscep- 
tibility of B was thus avoided. Thus in tbe experiments gWen in Table IV. (B), the 
intermediate cylinder nnderwmt nearly as much inductive change with the given 
quantity, when the disc m was *4 distance, as at M appears by the reductions 
jnsf ^ivf-n. and by the attractive forces being the same, or very nearly, the dillerence 
iu the number of charges being small. Thus in the attractive forces (A) the charges 
were 9, 17 +> ^nd 26; in the attractive forces (B) they were 10, 21, 32. As the 
numbers refer to small measures of tbe unit jar, tbe different upon the whole qnan- 
tity are not greater than might be expected. I have obtained other results, in which 
the numbers were nearly alike. Tbe experiments here recorded, however, better re- 
present tlie average results. 

31. Tlie influence of a free neutral disc thus opposed to the terminating plane sur- 
face of an insuUued cylinder, B, fig. 14, being such as to increase the inductive ca- 
pacity of the cylinder, we cannot always estimate by this mctliod the corresponding 
inductive and attractive forces. Thns in the case of the three cylinders, Exp. 26, 
Table III., in wtich the attractive force was as the altitude, we could not by this 

MOCOCXXXIX. . Sh 
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method cMinate the indnctiTe change, rince the inflnence of the suspended free dise 

would he such as to give each the same inductive sn.scrptil)ility at the lower attracting 
surface. It is, however, to be observed, that the attractive forces are, there also, the 
same as in the case of taking the cylinders iu u free state. In this case, therefore, 
the induction mmt be measured by a process similar to that resorted to (10.) Exp. 4. 

89. Conndering these resalts of cfHweqiience to a true tfacoiy of electricity, I 
thought it desirable to iostitnte other methods of experiment, so as to expose more 
Oompletely the operation of the inductive process, and at the same time verify the 
prccediuf,^ deductions. With this view I resorted to the method represented in 
fig^s. 16 and 1/, in whicli iS T represents a cylindrical wood column attached to the 
foot-piece W, or substituted for the part P^'/, fig. 1. This column carries the briiss 
sliders S T. The slider S sustains the light tubular brass rod S V, and smaller 
•lidem V s these support, by the glass rods A, V B, the oondiieting qriinders 
A, B. In like manner the sliding piece T sustmns the thin stloey^ fig. 16, forming a 
fldse upper end toB ; or otherwise, if this slice be placed at the lower e.Ktreinity of B, 
a<5 in fig. 1/, it is supported by the bbder V, whilst T carries tlie Itorly T5. X(nr it is 
easv this arrangement to remove, by the slider S, the bodies A and li, hg. Ki, .simul- 
taneously, and without interfering with distance a b, so as to leave the thin slice J" in 
operation on the electrometer disc m. Hence, if we suppose in this case, that A is 
cliarged with a given qnantity, and B nentral, we -may measnra by the dectrometer 
disc m the resalt of the direct indnctive force upon ^ apart from the bodies A and B, 
and this may he done without the result being influenced by the presence of the elec- 
trometer disc m, which may be temporarily turned aside dnrint' the previous process. 
We may also in fig. 17, supposing B charged and A neutral, examine the reflected in- 
duction by withdrawing A and the false end b simultaneously, and finally estimating by 
the electrometer disc m, the proportion of the whole charge abstracted by the inflnence 
of A at diliierent distances. We may, in fiict, obtain any required complicated me- 
chanical arrangement peculiar to this kind of research, and arrive at a very oompleie 
experimental analysis of the reciprocal inductive action between the two opposed 
bodies, under a variety of new conditions*. 

Exp. 27- The body A, fig. 16, being charged with a given quantity and placed 
within '2 distance of B, the force upon the eleotrouteter disc amounted to 20' ; the 
distance m /, of the latter being -5 <^ an inch. The cylinders A and B were now 
withdrawn irimultaneonsly, kaving the felse end/in phce. Hie force amounted now 
to 8^ only. This pi'ocess was repeated with the distance a h = i, in which case the 
remaining force was 4*, or one half the former. The induction, therefore, as expressed 
in degrees of the electrometer, was as the distance a b inversely, and, consequently, the 
respective quantities of electricity left on the false end / as ^/T-v^S (4,), The 
quantity of electricity displaced, therefore, varied a.s the sqtiare root of the distance 

* To prmat the exposure of any additioiul sor&ce on the removal of the false cud, the cylioden were hoi- 
loved owtlivtboat an isdi witlik fh« extnmity, upon nfaidi ttB cad mlied. 
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a b, being tbe law arrived at iu the preceding experiments (29.). I extended this to 
distances '6 and '8, and still found the force in degrees m these distauceti inversely. 

88. Exp. 98. Tbe object of tbis experioMiit m to difloover tbe resulting negative * 
state induced in B under tbe inflneoce of A, by toucbing it witb a conducting inre 
and tben removing A. With this view A was charged as before, and B rendered ne> 
g'ative at the distance *2 ; after this, A was witlidr.wn and discharged, and the negative 
force observed, which amounted to 20°, being tlie same as the previous induced po- 
sitive state. Tliis being repeated at distances 4 and -8, the respective negative forces 
were 10^ and being in an inverse ratio to the distances, as before, and identical in 
this case with tbe previouely induced podtive forces, these hist being observed upon 
the whole mass B whilst under the influence of A. 

I verified this experiment by charging A so as to induce 5^ and 90" of positive 
charge in B, that is to say, attractive forces in tfie ratio of I • 4, corresponding to 
quantities in the ratio of 1 : 2 (4.). On rendering IJ negative at the same constant 
distance a b, the forces were still 5° and 20** of negative cliarge. I found also on 
further repetition, that the same result ensued in multiplying the number of measures 
simply. Thus the negative force induced in B by three measures, lieing l<f at *4 
distance, nx measures induced 40", or very neodyi when therefore the charge in A 
is doubled, the induced negative state is dao doubled in respect of quantity, since the 
corresponding degrees of the electrometer are quadrupled (4.). The following sample 

expressions raayj thndbre, be talcen to represent this result : ind. s if valued in 

Q 

degrees ; or ind. = ~;^f if valued in quantity. 

n4. Exp. 20. This experiment applies to the quantity of electricity infloenrcd in B 
wlien charged by the opposed body A taken neutral and free, that is to the reflected 
induction (8.). The general arrangement is represented in tig. 1/, in which the false 
end /, fig. 1 6, is placed at A, so as to detach it by the slider S, together with tbe neutral 
body A» by which we may discover how much of the whole quantity with which B is 
charged, considered as a unit of quantity, is determined as it were upon the near sur- 
fece b, as also the respective quantities of electricity in operation between the opposed 
planes a, b at different distances. In conducting this experiment, the quantity with 
which B was charged = m, was first observed in degrees of the electrometer and 
taken as a unit of quantity, A being turned aside, {secondly, the false end b was re- 
moved, and tbe remuning quantity = n also observed in dtgnta, so as to determine 
the decrease doe to tbe removal of b alone = < s m ~ Thirdly, tbe fiibe end h 
was replaced, tbe original charge made complete to 20° — m, and the body A in a 
free state opposed to B at a given distance. Lastly, b and A were under this condi- 
tion withdrawn together and the remaining quantity = p observed in degrees, so as 
to obtain the comparative quantity actually existing in b whilst uniler the influence 
of A = m—p) as also the comparative quantity determined upon b by induction 
s (m « jp) — putting m — /I = S, we have the reflected induction in quantity 

2B3 
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= S — /. Thus the whole quantity m being taken as unity or 1, the electrometer 
indicated 30" when the disc m was '4 of an inch distant from die upper plane Miiftoe 
of B, the cylinder A UAng withdrawn. The folfle end b ht&ng now removed, the elec- 
trometer imficated 12^5 : the quantity remumng therefore at n was *79 since (4.) 

1 : n : : ^/20 : v^lST 

: : 4-473 ; 8'$35 

hence n = '79. The decrease, therefore, due to b alone is In this case s 1 — 71^ 
9 *31 SB #» hence about fth of the whole of this particniar charge was ooNected in 

the octremity b. 

Now when f) was withdrawn under the innncncc of A at distance '2 then 8"*6 only 
remained: this corresponds tu ciiuintUy -42, nearly — />, since we have (4.) 

t : 4-472 : 1-872. 

The decrease, therefore, due to b and A together is 1 — '42 = 'd8 = m — n = S : 
hence about six-tenths of this particular charge was collected on the near surfaec h at 
distance '2, and the quantity therefore determined there by the reflected induction h 
'58 — *31 =: -37 = S — /. These respective elements for different distances between 
the opposed snrftoes of A and B determined as in the above examplej are given in 
the next table. 



Tablk V. 









aHHU«Se»lM«q 


WMHir'IVoik t^mtStf 
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nulDegnet. 
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•8 
<S 

•4 

•S 

■6 


7+ 

8 

'- I - 


•4i 

•5S 

•63 


•6S+ 
•47 

•41 

•37 


•S7+ 
46- 
•20 

•16 

- i 



3d. It may be inferred trom this table, columns d and e, that the (quantity of elec- 
iridty (edomn J) accumulated in the near extreml^ftof the charged cylinder, fig. 1 7, 
was as the square root of the distance from the opposed snriace of the neutral body, 
wliibt the quantity displaced by induction of A (colamn e) is nearly in the inverse 
ratio of the distance. The numerical results are not everywhere rigidly exact, but 
they evidently point out these laws, and are in some cases extremely close. Thus in 
column e we have, taking the distances '2 and {>, whieh are a^^ 1 3, the inverse 
quantities 12 4- and which are as 1 : 3 ; so also in column d we have corre- 

sponding to the same distaaoes the quantities *68 and -33, which are to each other as 

the^/T: 



Digitized by Google 



RBLATION OP INDDCTfON TO QUAMTIIT AND mSTANCB. 



S3B 



36. Tbe result sbowu lu column d is strikingly in accordance mth that arrived at 
by a fbrmer and dbttnct method of experiment (15.) ; by which it was found, that 
the reflected indoction, if measured by the qnantitics of dectricity the nentia] body 
ceases to bold in equilibrio at diflerent distances, is as tbe simple distance inversely. 
Tbe result also of column d corresponds with tbe law just found (Exp. 27 ) for tbe 
direct induction on the neutral body. The experimentSj therefore, are clearly cone 
sisttnt ono with the other. 

When different charges were taken, and the Uis>tauce a b, iig. 17, made constoiU, 
tbe numerical values varied with the charge, the forces being as tbe square of tbe 
tdiarge expressed in degrees of tbe eleetrometer. This was at least observed for all 
tlie cfaatges which conld be fairly broaght within the experimental range of the in- 
strament. 

37. Tbe application of these results to the phenomenon of attraction by electrical 
agency, is not a little interesting; they in fact help us to a more coiii]ilt ti- perception 
of this WMiderful operation. We may perceive, for example, that when n conducting 
substance charged with electricity attracts another conducting l»ody in a free neutral 
state, the deetrical distribution is so disturlMd in each as to cause an accumulation 
in the opposed parts a, b, fig. 17, inversely proportional to tlie square roots of the di- 
stances. By the laws of electrical action, therefore, before explained, (4.) and (22.), 
Exp. 1H, wp have eventually the whole force, as shown by the electrometer, ns the 
squares of the distances inversely. For let a unit of force at a unit of distance be 
given ; suppose, for example, at the distance one inch; the force between a, 6, fig. 17, 
was five degrees: let the distance be now takro = '5, or one half the former, then 
the quantities of electricity in tlie qiposed surfaces will be as 1 : 1*414, that is, as 
ly/T: inversely (33.) (35.) ; but tbe force Is as tbe square of the quantity. The 
force therefore with this change would be tudce as great at the distance unit \ ; but it 
varies also with the distance (Exp. 18.); hence at the distance -5, or one half the former, 
it is again doubled ; that is to my, the forces arc as 1 : 1 when the dicttanees are as 
2:1, being a result of two'siuiple laws taken conjointly, as already noticed (23.): 

similar rcasomng applies to distances y, . . . -^th, &c. When, as we have before 

explained (22 ), the inductive changes are small, and admit of the quantity at the di- 
stance unity being taken as constant, then the force is as the simple disttince inversely, 
depending solely on the closer approxituiition of tbe electrical particles (Exp. I S), or ac- 
cording to Faraday, on the diminution of the number of particles of the dielectric 
through which the force operates. Thus in the case of the attractive force between 
a clnrged and insulated neutral conductor, the Induction may he very inconnder> 
able in respect of tbewhde charge. We observe in the free state, T^bleV. (e.), where 
the inductive force is the greatest possible, that aft tbe distance *4 not above onc-fi Ah of 
the whole charj^e was determined towards the opposed surface ; now these additions 
by the reflected induction of an insulated body may not greatly influence the result. 
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especially within certain limits t we may, for example, bare so little as the i t ,t h and 
Tfrtlk only ef the wbok chaiige distnibed at dislanoee *4 and '3, wUeli slight addition 

to the already existing accumulaCiMI in the opposed surface may not materially affect 
the electrometer : ht'iirt* flic force may vary nearly as the iIlstaiicL- inversely. TIjIs, 
together with the circuinstuiices above friven (23.)» ^^^Y perhaps account for thp dif- 
ference in the law ot the force, as regardi» the diKtance, between the insulated and neutral 
State. There are, however, probably, other conditions of induction already mentioned 
(26.) ap|»licable to this case, and which the masterly investigations of Fabadav bid 
Imr to evolve: every one conversant with this interesting branch of seicnoe mnst 
necessarily allow, timt never before has it been enriched by results so comprehensive 
and momentous as thocv mntalned in his several series of researches. If i*? also 
to be further considered, whether at small distances, although the force between two 

particles should be as still the force between the plates may be as simply, the 

whole attraction lieing found by a double integralioii^ whidi sums all the forces, eveiy 
particle of A being supposed to attract every partide of B. 

38. The preceding facts lead us to refer every case of attraction in electricity, in 
a nnn-rouductiug or insulating medium, to the conditions of that peculiar combina* 
tiou ot electrics and conductors, termed the Lcydea jar, or coated pane, a com- 
Innatiim consisting of an insulating body, iuterpoaed between two coMlucting sur- 
foces. Now it is admitted that the charge which this combination can receive^ is 
quite independent of tbe thickness of the opposed ctrnductors, or of any hypothetical 
distribution upon them, or other bodies in connexion wMth them. Hius the charge 
which the electrical jar can receive under a given intensity, is as great when the 
coatings are mere films of metallic leaf, as when a solid mass of metal ; the only con- 
dition essential to the perfect success of tlie experiment, in the free btutc of one of 
fbe coatings, and the complete insulation 4^ the other, as also their dose approximap 
tion. The action of the coatings in this case is reduced to one of these cases already 
given (16.), in which the distance between the bodies is constant, and the quanti^of 
clmrge variable ; the only difference being this, that in tbe case of tbe jar or coated 
pane, the intermediate insulator or dielectric is a solid, and the opposed rondiictors 
fixed, so that all motion by the resulting attraction is precluded, and all discharge 
between the conductors elfectuully prevented. The amount of charge which might 
t»e posnbly cdlected on a small snrfoee hi this way, under n very dense atmosphere^ 
is quite unknown. The charge might continue to accumulate until tb» resnlting 
force between the opposed surfaces became so great, as to fracture the most imper* 
vious insulating substance placed between them. 

39. The two fnlloHing illustrations are conclusive of the general application of the 
laws above inentione(i to the phenomena observable in accumulating electricity be- 
tween two conducting surfaces under the conditions above mentioned. 

1. Let A B, fig. 8, be two attracting plane areas, one of which is charged, and tbe 



Digitized by Google 



ELECTRICAL ACCUMULATION BETWEEN OPPOSED CONDUCTORS. 237 

other, B, free ; let the force between them with a unit of quantity s= 1 : suppose 
these areas to become now twice as great; then we have the charge distributed on 
twice the surface ; and if we conceive it in each instance tu be dibtributed equally, 
there woald in the latter be then only one tnlf the quantity in any given point, and 
hence, as found by experiment (16.) (18.), the indication of the force by the electro* 
meter would beoome reduced to one fonrth. In tlua statelet the qnantity be doubled, 
we have than by the same law (16.) the attractive force = 1, as before; that is to say, 
the charge which can be accumulated under a given attraction and distance between 
the plates, is as the op|)o?ed areas directly. 

Now the indication of the cliarge by the electrometer, E, %. H, connected with the 
eharged tide, are, ae we have leen (16.) (15.) (18.), proportional to the square of the 
qnanti^ of electriei^ widcfa the free aurfoce ceases to hold in eqiulibrio. But the 
amount of charge and distance of the plates being constant, the quantity ni electricity 
held in equilibrio will vary with the areas; md therefore if the area and quantity vary 
together, the electrometer will not change ; hence it is, that a given number of degrees 
may, under this condition, correspond with any quantitative accumulation whatever. 

If, then, we conceive in fig. 8. the two opposed plates to be the coatings of the in- 
tervening air, or any other dfadectric, then, as just shown, the accomolatiun ander a 
given intensity will be as the arsas oppoaed. 

2. Let the force between the plates A B, fig. 8, at a unit of distance a h, and with 
a uuh of (juantity = 1 as before, and suppose Uie distance to become now twice 
as great ; then the force of attraction will be reduced to one^ourth, since it varies as 

Ijff. Let the quantitjr under this coodidon be doabled, the attractive force will be 

s I as at first, nnce it is as the square of the quantity (4.) } hence the acenmulation 
betwetm the opposed areas is under a constant attracUve force dii«cUy as the di- 
stances between tbcfti. 

Now the indications of intensity by au electrometer E, fig. 8, in connexion m itii 
the charged side, will be, as in the former instance, dependent on the reflected action 
of the free plate: this, taken in degrees of the etectromelo', is as we have jost seen (15.), 
as the squares of the distances inversely. If, ther^ore, iHth the qoanti^ on^ the 
distance abhe doabled, the intensity by the electrometw wOl be qoadni|riled: under 
this condition, let one half the qnantity be again wlthdi-awil^tlMft the intensity by the 
el'^rtrometer will be the same as the tirst. if, therefore, we suppose, as in the pre- 
ceding case, that the opposed platpa are merely the. coating of the interposed dielec- 
tric, it follows that the charge under u given intensity will be as the distance between 
the plates inversdy. 

Tliese deductions are in complete accordance witii the many experiments made 

in this department of science by the learned Mr. Cavendish, who states in the 66th 
vol. of the Royal Society's Transactions, " that the quantity of electricity which coated 
glass can receive nndcr thp inme degree of elcctritication is OS the area of the COatiog 
directly, and as the thickness of the glass inversely." 
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It may be fartber remarked, that the force between two planes m, /, fig. I, is not 
aeosibly increaMd by increaring the area of one of the ooatingB only s is not inflnenoed 

by the form or dimensions of the unopposed portkmt; and is the greatest possible 

when one of them is placed in a free state : circumstances which apply particularly 
to the case of charercd ^'lass. In considering' the attractive force, therefore, between 
two conducting bodies of any form wliatever, one of them being charged, the other 
free, it is only requisite to take iuto the calculation the opposed surfaces, and reason 
upon the inductive acttona and distance according to the laws already given (27-} 
(82.) (84.). 

40. Let for example the opposed bodiei A, B be two spheres, as in fig. 18, or c<Hie^ 
or paraboloids, as in fig. 19, then the intervening dielectric will be of the form a c 
e f b d a, and tlie coatings a d h c e f, will be homispheriial or otherwise, accord- 
ing to the hgures; and the unopposed portions, taking tlie bodies in a charged and 
free state, will not affect the result ; they may be of any form, or have any connexion 
whaterer with other bodies. We may always predict the attinctive foro^ a unit of 
force at a unit of distance being given, on the supposition that it is as the opposed 
areas directly, and as the squares of the distances inversely; the electricity accumu- 
lated in the opposed points being as the square roots of the respective distances ♦ (32.). 

This general result is not vitiated by any oblique action which may appear to arise 
in consequence of change in the position of the opposed surfaces. Thus if the two 
Opposed plane areas, </,/, fig. 20, be any how placed, provided they myntain their re- 
lative position iHth respect to each other, it is evident no diflference can possibly arise \ 
it would be in &ct merely pladng a coated pane in dllRerent angular pcsitbns. Vt 
we suppose one of theplstes brought into the position a b, fig. 31, so as to be obliqu* 
to the other, still the same general principle applies : wc may conceive the interval of 
air, a n m b, to be a solid dielectric of unequal thickness, the coatings of which are 
the opposed areas a I, m n ; the attractive force, therefore, between the plates, a b, 
d V, would beoome diminished by the exposure of the unopposed portions, n m 6', 
and by the genwal increase of distance. If the plates wore so opposed as to oanse a 
portion of one to project beyond the other, as in fig. 22, then tlie force would be ro> 
duc^ to the opposed portion^ am, nil, and would be diminished by the external 
unopposed parts n c, m b. 

We suppose, however, in all these cases that the force is exerted between a neutral 
body in a free state, and a body charged witti u quantity of electricity, considered 
indefinitely great with respect to the imposed surfocms directly, however, we limit 
these conditions, either by insulating the neutral body or by narrowing the oapod^ 
of the charged body, then corresponding variations arise in the laws of the force, but 
which may be reduced to calculation on the general principles above stated (37.). 

41 The inflnencc of induction on the repulsive force c%'inced by similarly electri- 
fied bubstunces is such as to merit very particular attention ; I have shown in the 

* Itauaotioo* «r Rojd Boda^ far ieS4, p. S40. 
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second series ctf these inquiru s, that the operation of electrical repulsion is subject 
occasionally to considerable variation, the rpsnlf boing dependent on quantity, inten- 
sity, distance, and a variety of other contingent circumstauccs*. Without taking into 
account, therefore,tbe attractive forces generated between the discs, m,/, fig. 1 1 , 1 could 
not, by the method of experiment before employed (24.), obtain any uniform result; 
the repnUve force, appearad Innegiilar, and in many cases capricious, appearing some* 
times as great at one distance as at another: bat in calculating first the force of the 
disc/ when charged, on m taken as neutral, and then the force of m similariy chacged, 
on f taken as neiitml, the results, mth the corrections thus deduced, were anifonUj 
and aecordinc: to a given law, as may be seen in the foHo^ving experiment. 

Exp. 30. Two discs, m,/, tig. H, being opposed to eacli other, one of them tn, was 
charged with a given quantity, and the other placed in connexion with a coated jar, 
charged with the same electrid^ ; the charges in the latter were estimated by the 
unit mensnre. The dementary measnrements were, first, the attractimi of the 
suspended disc m, charged with a given quantity, on /, conddered as neotml as a; 
secondly, the attraction of/, charged witli ;i ^nven number of measures, onm, taken as 
neutral = p ; lastly, the repulsive force between the bodies with a given number of 
measures = R. The attractive forces were neutralized by small weights placed un 
the scale pan p the arm g of the balance, up to the instant of the repulsion, rested 
on a small support projecting from the brass work supporting the beam B. The 
pulsive fiirce was estimated by weights either placed on the disc ««, or otherwise re- 
moved from the scale pan, and by which the whole had been previously brought to 
balance. 

The annexed table comprises the numerical results of a few experiment.s conducted 
in this way j the attractive force between m and /, taking m charged, varied as the 
square «i the distance inversely, or very nearly, for the quantities employed. The 
force, takiiig / charged, was in general so small as to admit of bdng neglected 
(Exp. 22.). 



Table VI. 





Aw. FteM. 




Qtumtity. 


•4 
•8 
I't 

1-6 


S 

1 + 
IhS 


9 

4rS 
*+ 
«+ 


38 
96 
96 
97 



It may be seen here that the repulsive force was in the simple inverse ratio of the 
dirtance,and that the nnmber of measures for each experiment did not greatly diflTer. 

A similar result was obtained by means of the deetrometer, fig. 1 1 the attractive 
foroes were here veiy eaaly determined, and the number of corresponding degiecs 

* TMBMOtliMttortlMllaplSiMk^ibrMafi. 
MDOCCXXXnC. 2 1 
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OOtedj by employing charged fj^bUM, bb in Experiment 22. The repuldve foroes t 

were obtained ; they were, however, still in the simple inverse ratio of the distances. 

42. These phenomena may not be unimportant to further advances in this depart- 
ment of science; they ratht r lead us to consider electrical attraction as essentially dif- 
fering in its nature from forces emanating from a centre, and go far to assist us in 
elnddating many of its openrtioDS, hitherto conridered of a complicated character. 
Thttt the attractive force between spheres and bodies of other forms has given rise to 
a mathematical analysis of some diffiCQlty*> which oltfaoogh displaying the highest 
order of talent is certainly not indispensable. We may on very simple principles de- 
termine, as already shown f fO ), the laws of the force hetween bodies of any form, 
whether insulated or free, whether charged positively or negatively, or whether elec- 
trics or conductors. 

48. The foUowiof are a feiw simple eqmssions which may be taken to r^rescnt 
some of the dementary laws of electrical induction and aitractioo, in which Q s 

quantity of charge, T the direct induction, q the quantity of electricity displaced, 

/ its intensity, T the reflected induction, y' the disturbed quantity, f its intensity, 
y" the total qunntity in tlie opposed charged surface, A the Surface, D the distaofie 
between tfio Lipj osed points, F = force of attraction. 
We have then for the direct induction 

For the reflected induction T we have 

We have for the attractive force between a changed and neutral free conductor 

For the force between an unchangeable positive and negative suriace we have 

44. In these inquiries I have not resorted to the view of electrical action I was led 
to entertain in the first series of these papers, in which a portion only of the whole 
diarge is supposed to be af^recmbte by the electrometer, being nnwilling to em* 

barrass the inquiry with theoretical speculations not essential to a full developmeot 

of the experimental fiacls. I may, however, still observe, that the present state of 
this department of science does not wai rnnt any very perfect confidence in the com- 
mon mechanical explanations of the mode ol operation of electrical forces generally, 
and which after all seems to be of a cumbrous and difficult character. If we suppose 
a particle of the electricity ^ a on a chaiged body A, fig. 8, to attract every par- 

* SunptcBciit Mnefdof. BOIL, Aitiele EucnieiTT. 
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tide of the opposite electricity = 6 oo the opposed body B, instead of supposiDg the 
force to be confined to the near particle ininediately opposed to it, ve cannot take 
all the forces as equal, and the whole Ibroe to be as a 5; it most still be only as some 
fiinedon of it, and we have to sum tiie forces und» this condition. Bnt in this case 
even, all the obliqae actions may at last be indefinitely small in respect of the force 
exerted upon the opposite and nearest particle, which would still admit of the whole 
action being* reduced to a system of parallel forces, such as represented in fig. 18, 
more especially when we take into consideration the fact that tlie force between two 
particles, a, b, fig. 23, is greatly diminished, and may become very small by placing a 
similar third pardc]e» d, nearer dllier of them, supposing^ it chairged mth the opposite 
dectridtys and this result will be again augmented by placing another particle, e, 
nearer the other in a similar way. In this case the action between the original par- 
ticles a, h almost vanishes. 

45. In concluding this communication it may not be improper to state, that the 
experiments were conducted in a good insulating atmosphere, generally in a room 
dried by an air stove : the late contrivance of Dr. AnNorr is qidte invaluable to the 
practical dectridan for this purpose. The manipulations requiring espedsl care ar^ 
1. Measure of quantity; S. of distance ; 3. Adjustment of the electrometer, especially 
in such experiments as No. 26; i. Perfection of the Insulators. Tlie circumstances 
liable to interfere with a rig^d nunipriral result arc, slight changes in the position Of 
the bodies under experiment, — the bodies should be firmly steadied ; inaccuracy in 
the value of the unit measures, either by less perfect insulation of the air, or by other 
causes ; a want of free conn»ion of tiie eKtemal coating of the jar, P, fig. 16, with 
the ground ; small residuary charges in the discs of the electrometer % these dionld 
be always discharged by a bent wire at each experiment. A series of delicate mani- 
pulations of th;« kind, althoiip-h apparently difficult, may yet by a little habit and 
attention be completely managed. 

Pfifmoufh, 
April 10, 1839. 



2l3 



Digitized by Google 



[ 2« ] 



XV. On the Qn^Huu ^ EqmUkiMm vf m Mtem^pntribU Fhud, the Parlkh» 
wlttch are oded vpem hg Ace^raHag Fereee. By Jamb* Ivort, KM', M^. 
F.ltS. L, S[E., Enetii, Reg. Se. Pari*, Carrey, et Reg, Se, GvUm* Cartesp, 

RcottTwd Msy St^Rod June 90. 18M. 

£iXPEIUENCE abowB that pbysicnl pcobleoiB of difliciilty are never solved in a 
satisfactory manner but after reiterated attempts. The exaai|»lai that might be ad- 
duced in support of this remark, arc too obvious and iinmcrous to need particular 
mention. A remarkable instance is the problem of wlnt it is proposed tu treat in 
this paper, namely, tbat relating to the figure of equilibrium of a mass of fluid, the 
paitidea of which are sohjected to the action of accelerating forcea. This problem, 
•oggwted by the inquiry into the figure of the planets, waa first treated of Nrwton 
and HuYaHBNa ; it then passed into the hands of Maclauun, CLAiaAira', and VfAxjutr 
BBRTs and it finally occupied the attention of Euler, Lagrangb, and Laplacb, by 
whose researches it is declared on high authority* that the solution is completed, 
leaving^ no dilficulties, except of a luathematical kind, in applying it to any case that 
may be proposed. The theory thus finally settled is imposing by itb great generality 
and apparent simpUcity ; it succeeds in solving a certmn class of probtems, although 
not on sound principles ; but in other instances no degree of mathematical skill has 
been able to obtain satisfiwtory results. A candid inquirer who will endeavour to 
form just notions of the conditions required for the equilibrium of a fluid, will not 
fail to have his attention arrested by much that is inconsistent and ohscnre in the 
usual manner in which this subject is treated. This seems to imply <ouw. imperfec- 
tion in the grounds of the theory ; and the best way of removing aii diliieulties is to 
mount np to the origin of the inquiry, and to trace it with careful examination through 
all its snccessiTe steps. In this manner we may detect what Is defective or erroneonss 
and baying arrived at phyrieal conditions not Imble to objection or uncertunty, the 
theory may be phoed on a finn fonndadon. 

It will not be necessary to say a word on the importance of a thpory which \y,\s oc- 
cupied the attention of so many eminent geometers, and which is tin suliji 1 1 of no 
small part ot what has been written on the system of the universe. As it treats of 
the figure of a fluid, it seems to suppose that the earth and planets were originally 
in a state of fluidity, eitlier by the solution of thar solid parts in a liquid, or by the 
eflfect of heat. Now as we have no knowledge of the primitive condition <^ the bodies 
of our system, it may be objected that the problem, whatem ingenuity may be rc- 

* M. PoHMnr. 
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quired to overcome its difficulties, is merely specniatiye and hypothetical. Bat the 
matter may be viewed in a different light. No small progress has already been made 
in the investigation of the fignre of the earth t and onr knowledge in this respect may 

be made more perfect by assiduous observation and discussion: we are also ac- 
quainted with all the forces, whether attractive or centrifugal, that urge every par- 
ticle of the matter of which our globe is coinposcd ; and hence, reversing the usual 
question, the inquiry may be, whether a change in the actual figure of the earth would 
necessarily take place if the bonds that hold together its solid parts were loosened, 
and a state of fliddi^ induced opon the whole or any portion. A apecalation of this 
Icind at any time, and in every revolution imposed by fashion on scienllfic research, 
may be deemed not altogetlier uninteresting, and may be na^bl in studying the 
changes that take place on the surface of otir globe. 

1. It in obvious that a homogeneous body of fluid, the particles of w li arc not 
agitated by extraneous forces, but are left freely to their mutual action on one an- 
other, will ultimately assume the figure of a perfect sphere. In treating of the figure 
of the earth, Niwnm suppcaes that this sphere is made to revolve about one of its 
dianelcn ; in consequence of wbich the ceatiifngal force will cante the fluid to re- 
cede firom tlie aids of rotation, and to subside in the direction parallel to that axis. 
He makes no inquirj- into the nature of this new figui-e, but immediately concludes, 
without assigning a reason, that it is an oblate elliptical spheroid turning about toe 
less axis. . 

It would be in vain to inquire on what grounds Nbwtom inferred that the revolving 
sphere is changed into an exact oblate spheroid. The flattening at the pdca suggests 
a resemblance of the two flgnres; and we may add that, by making the two axes of 
the splieroid more and more unequal, it will pass through all degrees of oblateness, 
and may be supposed, in some one of its forms, to coincide with the flattened sphen^ 
if not exactly, at least with a sufficient approximation. 

Having guessed the form of equilibrium, the main ditticulties of the research were 
overcomes for it la nauib easier to Investigate the properties of a known figure, than 
to determine the form itself which is required for an equlUbiinm. He begins widi 
laying down this principle^ that in a fluid sphertdd in eqidlihrinm, the weights, or 
cfibrts, of all the small reeliBneal ctdnmns extending from the centre to the surfiux, 
iiui<^t balance one another round the centre. Assuming a spheroid, of w hich the axes 
are very nearly equal, namely, 101 and 100, he computes, by means of his assumed 
principle, and some propositions in his immortal work, the weights at the centre, 
caused by the attiBitfion of the matter <tf the spheridd, of two columns, one drawn ia 
the ptane of the equator, and the other to the pole. The spheroid must next he sup> 
posed to revolve about the polar axis, so that the centrifugal force, hy diminishiiig 
the weight the equatorial column, may equalise the weights of both columns at the 
centre, as an equilibrium requires ; and when this condition is fulfilled, it is found 
that the oblateness of the spheroid, or the difference of the two semi-axes in parts of 
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the equatorial radius, is to the centrifugal force at the equator in parts of the gravity, 
as & to 4. Nonr this proportion of 6 to 4 is oommon to all spberoids of which the 

ans are nearly equal ; and as the centrifugal force at the eartb*8 equator is 3^ of 

gnmtft the oblateness of the terrestrial spheroid will be ~ x ^ s making the 

proportion of the polar aids to the diametor of the equator as S29 to 230. Such would 
be tbe troe figure of the earth if its matter were homogeneooi, and if Newton's 

reasoning were liable to no objections. All that the pirscnt purpose requires t<\ be 
noticed in his very able investigation, is the principle of the equiponderance of the 
central columns which he introduced. 

NawTOM had occasion to eonslder no figure but the elliptical sphenud, in which, 
ftom its symmetry, the cqnipoadecBnce of the central oolnmns ts 8e1f-«ndent» every 
oobiffln being counteracted by an equal and similar cdnmn diametrically oppositet 
In a body of fluid at liberty and in eqaitibrium by the action'of accelerating forces, 
is there always a central point round which the efforts of the whole mass balance one 
auotluT ^ It is obvious that all eanalii extending from a particle to the surface of the 
fluid, will impel the particle with equal intensity ; for otherwise the particle would 
not be at rest. What is it, then, tfant distinguishes the equal pressures upon a par- 
tide in any sitDation, from the lilte pressures on the oentral point, if there be such a ' 
pdot ? In a research in which there have occurred so many inadTertenciee arisiqg 
from hypothetical admissions, it is necessary to inquire in what manner the pressuves 
are distributed among the particles. 

Let ABC represent a mass of fluid in equi- 
librium i P any particle ; PA, P B, P C, smyi 
canals dUverging to the sarfooe of the fluid t as 
P Is at rest, the effinrts of all the canals will 
balance one another. In passing along any 
canal A P B ending both ways in the surface, 
the pressure, which is zero at A, will first in- 
crease to a certain point G, after which it will 
decrease to zero at B. Because the pressure 
from A to G is equal and contrary to the pressure 
from B to G, there is always a part B & at one 
end, which presses inward with an intensity 
equal to the like effort of the part A P at the 

other end. Thus, of the three parts of the canal, the forces which urge the fluid in 
the two extreme parts transiuit equal and contrary pressures to P; but the forces 
acUng on the fluid in the middle part P 6, destroy one another's effects, and cause no 
pressure <hi P. The same thing is true of any other canal A P C ; the effort of the 
part A P on one side of the point of maximum-pressure H bdng balanced by the 
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contrary effi>rt of the part C c on the other aide of that point. Nov if we aoppoee a 
carve Burfece to be drawn throogh P, and through all the points b, e, &c., it foUowi 
from what haa been proved, that the pressures which impel P with equal intensity in 
all directions, are caused solely by the forces which urge the portion of fluid on the 
outside of that surface ; for any canal being drawn between P and the upper sur&ce, 
it is only the part of such canal between the two surfaces that transmits an effective 
pressui'c to P. 

Sach interior sur&cea aa P & c are called level sorftoea. Emy level anrfece is 
pressed at all its points with the same intensity by the exterior fluid i for the forces 
acting on the particlca contained in any canal between a level snrAce and the upper 
surface, produce the same effort directed imvard. 

If we conceive that the interior surface P b c f^radually lessens in it« flimensions 
by the increasing depth, it will finally contract into a point; which point, or centre, 
is distinguished from every other point P, by this, that the pressures which impel it 
equally in all directions are produced by the forces which nrge all the particlca of 
the body of fluid. 

The central pmnt is distinguished by another property peculiar to it : fi>r the press- 
ure being a maximum, the partial differentials of the pressure, or the forces, willbe 
zero: so that if a particle in the centre be removed a little in any direction, there 
will be no sensible chanf:e of the pressure upon it. Thus the centre is in stable equi- 
iibi'ium with respect to tiie action of the whole mass ot Uuid. Although any other 
particle, as P, is pressed equally on all aides, yet, as the forces in action are not aero, 
the diange of pressure which it undergoes when moved a little from its plac^ will 
be diffierent according to the direction of its motion ; unless it be moved so as to 
continue upon the level surface Pbc, in which case the pressure, l>eing still prodnced 
by the action of the same portion of tlie whole rna>^-^, \v\H not vary. 

What has been said establishes JNewton's eqiiii nonlrr inre of the central eolnnms 
as a general principle of equilibrium that liolds iu every case of a mass of tluid at 
liberty, the partides of which are urged by accelerating forces. 

Enough has also been sMd to demonstrate the insufficiency of the principle of equal- 
ity of pressure for determining the figure of equilibrium of a fluid. For it has been 
shown that the equal pressures which a particle sustains have no other effect than to 
make it immoveable by the action of the portion of fluid on the outside of the level 
surface that passes through it : but from this it does not follow in all cases that the 
particle is reduced to a state of rest relatively to tlie wliole mass. The same theory 
tacitly assumes that every body of fluid contmned mthin a level Burfiase will nuun- 
tain its form and portion, merely by the equal pressures of the exterior flmd ; not 
adverting to the necessity of talking into account all the forces of wliatever descrip- 
tion that act on the partif!e« In the foregoing investigation it is clearly proved oa 
the supposition of an equilibrium, that the forces in action must be without effect to 
qause pressure either way in any canal, as P 6 or P c, within a level surface. 
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2. Some years before the publication of the Principia, it had been ascertained by 
observation that the same mass of utatter has not the sjime weight at all the points 
of the earth's surface. A pendulum clock regulated by mean time at Paris was iuund 
by M. RicHBR to lose two minutes a day at Cayenne, within 5^ of tbe equator. Nov 
the kngtb of a pendulum that oacillates in a given time is an eaact measure of gravity; 
and tlie Oust fkbeerved by M. BicHan proved tbat, if a heavy body were carried from 
Pbris to Oiyenne, it would lose aome part of its weight. On learning this {act, 
HuYGHBNs conjectured that it was caused by the centrifugal force arising from the 
daily revolution of the earth ; the intensity of this force varying in different latitinlos 
at diflferent distances from the axis of rotation. Combining this observed variutiuu 
of gravity with a principle, which is indisputably trucj namely, that a plamb>Ibe 
freely suspended is perpoidicular to the surfiuse of standing water, or to the surfkee 
of the earth toppoied entirely fluid, be drew an argnmen^ tibat the earth Is not ex^ 
aofly spherical. Were the earth a perfect sphere, the attraction of its mass would be 
perpendicular to the surface at every point: the centrifugal force, directed .it riglit 
angles from the axis of rotation, is oblique to the surface: wherefore gravity, being 
tbe resultant of both forces, and consequently not coinciding in its direction with 
dther, would not be perpenifiimhr to the surface, whidi is oontnury to the admitted 
prindple. It wQl readily iq^pear that tlie resultant of the two fbrces, or the true di> 
rection of the plumb-line, would always make a small angle with the radius of the 
sphere on the side towards the equator: so that a horizontal plane perpendicular to 
this direction, would necessarily fall within the sphere towards the pole: which is a 
direct proof that tlie surface of the earth, fonnetl by all such horizontal planes, is de- 
pressed at the poles. These speculations of Huyghbns are contained m his disserta- 
tion, He causa gravitaiuz in an aiMition to that dissertation which was published 
after the anthoi's death, he proceeds to iaveMigate the oblatenese of the earth, or the 
difference between the equatorial radius and the polar semiaxes, caused by the cen- 
trifugal force. By this time the Principia was published : but the doctrine of tlie 
mutual gravitation of all matter, was at first generally objected to, and forced its way 
very slowly to universal approbation. Huvghens, rejecting the principle that every 
particle of matter gravitates to every other, bubstituted in itj» place a tendency of ail 
tile parts of tbe earth supposed in a fluid stat^ to tbe common ooitre of tiw mass, 
the central force acting with tbe same intensity at all distances. FolIowing^ the 
method devised by Nbwton for the solution of the same problem, the simple law of 
gravity adopted by IIuyghexs leads to an easy solution : because a narrow rectili- 
neal canal of any length drawn from the centre, will have a weight proportional to 
the quantity of fluid it contains. If a fluid spheroid revolve about the polar axis with 
a drcalar velocity capable of impressing on the particles a centrifugal force the in- 
tensity of wbkh is to that of giavity as a to 1, it is easy to prove that the centrifugal 
force will diminisii the weif^t of a canal In the pUme of the equator, and equal to 

tiie radios of that circle, or to 1, by tbe quantity x 1 : io that tbe whole wright 

MDCCCXXXIX. 2 K 
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of the canal from being equal to 1 will be reduced to 1 — ; which will therefore 
be the length of a canal reaching from the centre to the pole equlpoDdeiant to the 
equatorial canal. Ai»plying thUi resalt to the earth, we have n = ^ and the pro- 
portion of tiie radios of the equator to the pobr aemi-aadi equal to 578 to 577, the 
oblatenesa being much less than in the Newtonian Theory. 

HoyoHBMs next attempts to investigate what form the perpendicularly of gravity 
to the earth's surface requires the terrestiial ineridians to have. But in this part of 
his researches no result is obtained which it would hv useful to notice. He finds in- 
deed :i curve which, in his law of gravity, answers ilie mathematical conditions : but 
this curve is a paraboloid consisting of two infinite branches that diverge couimuaiiy 
linoni one another; a form Irreoondlable with the contiimoiu rarfiuso of the earth, 
every meridian of which is an oval curve returning into Itself. It appears from what 
has been said that the contribution of IIuvohens to the tlaeory of the equilibrium of 
fluids, must be limited to the perpendicularity of the resultant of the forces to the 
surface, which principle he was the first to suggest. 

We have now two properties that iiuist be verified in every mass of lluid at liberty 
and in equilibrium by forces acting on its paiticles, uuuicly, the equiponderancc of 
the central columns of vbidi NawioK is the authctr^ and the perpendicularity to the 
snrfoce of tlie resultant of all the forces urging a parUcle, which was proposed by 
HuTOHBNB. But it is One thing to detect particular properties of an equilibiinm, 
however general in their application, and another thing to fix with precision the 
condition* riecessary for inducing that state on a mass of fluid acted v\vm hy given 
forces. In tiolvinj,' problems, geometers suuietimes made nse of one prineijjle, and 
sometimes of the other. It was 8oon found that a figure obtained by means of one 
principle, did not in all cases verify the other; and even ^toA the ooncorrenoe <tf both 
in the same mass of fluid was not suffident in some instances to ensure an equi- 
librium. From all this it could only be inferred that the problem was still hiv<Aved 
in obscurity, and retjuired to be further discussed. 

4. In tlie Priiicipia Nkwton has completely determined the attraction of spheres. 
He has also given metliods for determining the attraction of otlier bodies ; ^liich int*- 
tbods, although sufficient for obtaining numcricui results, fail for the uioht part iu 
ascertaining the law according to which the attractive force of the mass will vary 
when the attracted point changes its place. Macuvbin, by ahs^py application of the 
ancient geometry, determined this law in elliptical spheroids of revolution, for all ])ar- 
ticlcs v. ithin the solid or in its surface. He found that the mass of the spheroid 
attracted a particle so situated, in directions perpendicular to the plane of the equator 
and to the axis of rotation, witli forces respectively projiortiunal to the tlistances from 
the plane and from the axis*. Now the centrifugal force is directly proportional to 

* AltVl'^^!ph NTaclaihik's demonstration irsts on this property, jtt this property itself w MBlintillly dr 
pentknt un ouuUicr property, which the uithor has demonetrated in his Fluiions. i 630. 
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the distance from the axis of rotation : and thus was kuowu every force tending to 
move miy particle of va dliptical spberv^d revolving about its axis in a g^veatime. 
Hie difficult of estiinatlim^ tiie foraei and pressmceiii diflferentparts of the apheroid, 
obliged NawTON to con6ne his attentioii to the central ccJumns. The diacovery of 
Maclauktn removed this difficulty, and enabled him to ascertain wbetlier the spberotd 
fulfilled any proposed property of equilibrium, or not. He first <lctcrriiines the rela- 
tive diineimuas of the spheroid, which are necessary for iiiukiiig tiie rt ilr mt of the 
attractive and centrifugal forces perpendicular to tlie surface ut every point, as is re- 
quired by the principle of HuYonam; and be demonstrates that the lame figure 
verifiea Naumm'a principle of the eqnlpcmderanoe of tlie central oduBDna. Taking 
now any particle, or small portion of the flald, and conceiving that it is pressed on 
every side by rectilineal canals standing upon it and terminating in the surface, he 
showed that the pressures of these canals impel the particle equally in all directions. 
These several points a t <ieriionsti'ated with the utmost elegance, and with all the 
rigour of Euclid or ^iucumEUKs. 

Sneh is the celebrated demonstration of Maciaubin, which adds the property of 
every particle being pressed equally in all directions^ to wliat Nbwton and HuyoHSNS 
bad itefore shown to be necessary for an equilibrium. But on reflection it is not 
quite clear how this new property is to be underetond or what use is to be made of 
it. Then' is no donbt tiiat most authors infer, from the equal pressures which a par- 
ticle !^^stuiIls on every side, that it it is necessarily brought to a state of rest within the 
spliLiuld; and hence the equality of pressiire has been erected into a general prin- 
ciiilc, on which is founded tbe usual theory of equilibrinm. But what Maclaubin 
does really demonstrate amounts to this*, that a particle placed on an elliptical 
surface similar and concentric to the surface of the splieroid, is Impelled by any rec- 
tilineal canal staiulirijtr upon it ajul tcrniinatirifr in the surface of the spheroid, with a 
pressure equal to the effort of a given canal having for its length the difference of the 
polar seuii-axes of tJie two similar surfaces. Now the proper inference certainly is, 
that the particles at every point of the interior surface press upon one another, uud 
npmi tbe snrfitce in whicb they are placed, witb tbe same intensity. To say tbat a 
particle is pressed equally in sJl directions, is tantamotmt to spring tbat it is placed 
on a level surface ; every particle on such a surface being urgpA equally on all sides 
by the exterior flniil, either by direct action, or by the efforts transmitted througlj the 
fluid contained within the surface, lint it cannot be reasonably inferred, as la done 
in tli(> tlieory of equilibrium founded on equality of pressure, that a particle is re- 
duced to a state of rest relatively to the whole of a body of fluid, merely because it 
is pressed equally in all dveetions by a portion only of the mass. 

In tbe treatise on Flmdans pobUshed in 1742 Maglaumh does not affirm ezidtdtly 
that a particle is at rest within the spheroid, because it is pressed equally on all sides; 
although it is undoubtedly implied that this is true: and he concludes his mvestiga> 

* Fluxions, i 639. 
2 k2 
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tiou* with saying, that the surfaces t»iiniiai and concentric to the surface of the sphe- 
roid, are the tme level aaiftoea at all depths ; which m alone snffiinent for the eqni- 
librinm, and is indeed the dmple and direct and the only exact ground of the demon- 

Btration, agreeing perfectly with what has been advanced. In the Dissertation pre> 
sented by the author to the Academy of Sciences in 1740, the matter is differently 
stated. Having proved, in his first proposition or Theorema Fundamenfak-, that any 
particle is impelled equally in all directions by a certain force depentling oi)ly on 
the position of the particle, or rather on the surface passing through the particle 
flimilar and concentric to the snrfiice of the spheroid, he adds, " guce (particula) cum 
te^pm^erurgeaiurtjlmdum ett t^que m t^UMoT Here it is nneqnivocally asserted 
that the equal pressures which a particle Sttltains, reduce it to a state of rest within 
the spheroid. Tliis would be cnrrect if it were pro%'ed that thi- equal pressures are 
produced by the action of the u liolo mass of the spheroid. That a particle is pressed 
equally by the surrounding fluid, and that it is at rest within the spheroid, are two 
distinct propositions, of which the second is not necessarily a consequence of the 
first : for the equal pressnres may be caused by the action of only a part of the fluid; 
whereas the effect of the forces that act upon all the particles ninst be taken into 
account, in order to prove that a particle is at rest relatively to the whole mass. 
What MACLAfRiN hm accnrately prnved of one particle, holds equally of all the par- 
ticles situated in any surface similar and concentric to the .surface of the spheroid, 
the pressure on all such particles being the same ; and the proper inference to be 
drawn is what the antlior has stated in liis Fhnions, namely, that all such interior 
surfoces are the trm level snrfiiees at all d^tfas. 

5. In proving that the pressure upon any interior particle of Uie spheroid is equal 
in all directions, Maci.aurin used rectilineal canals ; hut it is evident that the e^t 
must be the same, whether the canals be rectilineal, or have curviiineal figures varied 
in any manner. From observing that, in a tliiid at rest, the pressure of a canal will 
be the same when its extreme points are the saujc, however its form may be varied, 
CLAiaAOT dedaced a relation between the figure of a flirid in equilibriom and the 
mathematical expression of the pressure, m of the forces which produce the pressure. 
This consideration greatly simplified and improved the theory of equilibrimn, as 
it made it unnecessary to seek after such artifices of investigation as Maclaurin 
was obliged to have recourse to. This property is enunciated in the following 
theorem. 

Theorem. — In a fluid at rest by the action of accelerating forces on its particles, 
the mathematical ekpresnon of the pressnre at any point of the mass can he no other 
than a fonction of the three coc-ordlnates of the point, these co-ordinates being con- 
sidered as independent and unrelated quantities. 

Demonstration. — Let a communication be oj>ened between any two points of the 
mass of fluid by means of a canal of any figure ; because the fluid is supposed to be 

* FliuioDS, i 640. 
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at rest, the preasiire of tfw fluid in the whole length of the canal will be eqinl to the 
differfnre of the pressores in the IhmIv nf fliiifl fit tlie two orifices, which pressarewill 
therefore remain the same, however the li^-^un of the canal be varied. It is easy to 
ascertain that this property will be verified when the pressure at any point of the fluid 
i8 represented by a fonctiom the oomrdinates, tuch as is described in the theorem. 
TlniB the co^rcUnatcs oftfaetwooriflecsof tliecanalbciivi!q|ive8eiitedbya,6,cand 
J, if, if t snd the pressures at the isme points by p (a, 6, c) and p {ei, Vt*f)t thxoi^h 
whatever gradations the ignre of a canal |ieqiiir(;.s that the independent variables 
a, b, c be made to pass so as finally to become equal to a*, d, the function p (a»^>c) 
will always be changed intf> 0 (a', V, c'). 

Bat the theorem may be regularly demonstrated in the manner following. Let the 
variables x, z represent the co-ordinates^ and p (x, if, z) or f the pressure at a point 
of the fluid: if the co-onlbiates vary in the eanre of the oanalj the stim of the dif- 
ftrenlklfl !n the whole length of die canal wiil be 

and the sum of the variations of sll these differentiaJs hi another canal very near the 
first and between the same extreme points, will be 

and the condition that the pressure caused by the efibrts of the fluid in one canal is 
not difiierent from the like pres&ure in the other canal, is thus expressed : 

When this last expression is integrated by parts, ve <ritouii 

Now the terms without the s'.^n of integration in thi'^ expression are zero when the 
integrals are extended to the whole lengths of the canals ; for the extreme points 
being fixed, the variations of the co-ordinates at these points are zero. We thus 
obtain by an easy rednctira, 
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which equation will be Terified <»ily by meanB of these fonnalai» vii. 

dd^ dd^ dd ^ _ d d ^ ddi^ dd^ 

dxdy dydx dxdz dxdx dydx dzdy 

Now these equation"; (■xpro^« the well-known conditions tliat the variables of the ftine- 
tion <p {Xyif, z) arc imlepeiuli ut (juuntities ; which sort of function is therefore alone 
fit to represent with consistency ttie prcbiiure of u tiuid at rest. 

Hie nature of the presBure ia a fluid at rest bein^ aecertained, the ezpresnoiie of 
the forces which produce the pressure follow as a corollary; for these expressions 
are necessarily no other than the partial differentials <^ the pressure. Sopposillg 
always, for the sake of simplicity, that the density is constant and equal to unit, let 
X, Y, Z represent the forces which, acting in the respective directions of the oo-ordi" 
nates, produce the pressure <p (x, y, z) or f ; we shall have 

X = Y & — » Z s 

ds* d y '~ in' 

From the for^olng^ equatims between the differentials of ^ the folknrui; ferumbi 
are easily deduced, vis. 

dj/ ds* dM dx' d* dg' 
These equations are the known conditions for the iotegrability of the diibrential 

and th^ must be verified in every problem Iqr the proposed fofoes, otherwise the 

eqnilihnum of the fluid will be impossible. 

If p represent the pressure estimated on a given sur&ce at the point {xy z) of the 
fluid, we shall have, 

p = p{x,y,z), ^ . t . . . . (A.) 

the integral extending from the point to the surfiuse of the mass. We next obtau 
these differential equations, 

and if we suppose ilp ss 0, or that the co-ordinates vary in a snrfoce at every pohit 
of which the pressure is the same^ that is, in a level snrfooe, the sur&oe of the mass 
bdng included, there will result 
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Now tliese last equations prove that the forces urging- a particle in any level surface 
have no elTecr to move the particle in any direction upon a plane touchinf^ the sur- 
face ; from which it fuUonrs that the resultant of such forces is ptirpeuUiculur to the 
surface in which they act. It U also obTions that the resnltaat is always directed 
towtrds a level eurflwe and Unrards the snrftoe of the hums. 

The equatiooB tiiat have been inmtigated are oommoiL to every man of fluid at 
liberty and in eqidUbrium by the action of acceleratii^ fovces on its particles. The 
same equations contiin all that is taught in the usual manner of treating this subject. 
If we suppose that the pressure p remains constant, while the co-ordinates vary, the 
equation (^A.j will determine a level surface. If the point at which the pressure is p 
remains fixed, while tlie co-oidiiiatei vary ia any caml tenainsting in iba mt&/aa of 
Ae flnidj the same equation (A.) proves that all the canals will exert the same 
p i rcss ure p upon the point Every point in a level aurfiice is impdled in all direct 
tions with the same intensity of pressure ; and nutliing is gained, bat the hazard of 
misconception is incurred, by applying equality of pressure to isohitef! points. 

Maclaurin's demonstration will always l)c admired; but tlidi geometer was un- 
fortunate in considering the pressure upon an isolated point, if he had obsen*^, 
what ^kws from his reiMmiiif , that every particle in a snr&ee dmilar and conoen- 
to the snrfiice of the spheroid is pressed equally on all nde6» he would have been 
led to the property of the level surfaces of which he has ultimately made use in his 
Fluxions, and which is the true principle of the equilibrium of a fluidj namely^ that 
the level surfaces at all depths must have determinate figures. 

Although the equation (A.) is common to every fluid in equilibrium, it docs not 
follow that every problem cuu be solved by one equation. The level burfuces depend 
upon the proposed fioroes ; and they require fbr the detertnination of their figure as 
many independent equations as these given forces that derive thefa- origin from 
independent sources. 

Tlie not observing that in every canal terminating both ways in the surface of the 
fluid there are always two points pressed inwards in contrary directions with the same 
intensity, and consequently an intermediate part which presses neither way, has oc- 
casioned the misconception, from which much confusion has arisen, that the equal 
pressures of the surrounding Add upon a particle necessarily reduce it to a state of 
rest within a body of fluid in eqmlibrium. 

6. The following Pkroblents are added for elucidating the principles that have been 
investigated. 

PaOBUlM I. 

To determine the figure of equilibrium of an incompressible fluid when the forces 
are such fhnetions of the co-ordinates as are snsceplable of only one value for any 
prapoeed values of the co-ordinates. 

AAftfon.'— Let s denote the oo-ordinates of a particle of tiie fluid, j» the 
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'pteBsnre> and X, Z the forces acting ia the vetpective direetione of s,jf,»i from 
the equtttion (A.) we obtain 

or, as the integration may always be effected, if p Qcjjf, z) represent the integral 

p = f.r. ?/, z). 

When p is made constant, this equation will determine a level surface, which, in the 
simple hypotliesis of this problem, is a curve susceptible of only one form for every 
value assigned to p. Nov if p pulses through all gradations frook its maalmitni valne 
at the centre of the mass to aero at the upper sniliMe, aU the level surflwM will be 
ascertained ; this determines the form of the mass ; and the equilibrinm follows fiom 
the consideration that the level surfaces at all depths are determinate curves. 

Of this problem an example ia added» which is not undeserving of notice on its own 
account. 

Ejiumple. — To determine the figure of eqiiilibriuiu uf un incompressible fluid at 
liberty, the particles being supposed to attract <me another with a force prnportioDal 
to the distance, at the same time that they are urged by a centrifogal force caused 
by ravolving about an aada. 

Solution. — On account of the mutual attraction of the particles it may at first be 
surmised, that the problem here proposed does not come under the head of which it 
is given as an example. It doe.s not immediately appear that the forces urging u 
particle depend euliiely on the place of the particle, and are explicit functions of its 
co-ordinates. Such, however, is the case, owing to a property peculiar to the 8up> 
posed law of attraction, which Nbwton has demonstrated in the 88th proposition of 
the first book of his Prineipia. The property alluded to consists in this, that the re- 
sultant of the accnnnilatcd attractions of the mass upon a particle is directed to the 
centre of gravity of tlie mass, and is the same as it would be if the whole attracting 
matter were coUccted in that point. Of this a succinct investigation is as follows. 

The origin of the co-ordinates being at the centre of gravity of the whole body of 
fluid, let X denote the co-ordinates of an attracted particle, and «^,y, ^ those of 

at, an dement of the mass ; the attraction of if m upon the particle at the (Kstance/ 
will be/iffit ; and as the cosines of the angles which/ makes with «, « are 

» — y y — y x — if 

the partial attractions of m in the directions in which x, z decrease, will be 

dm {x — Ji/), dm{y — y"), dm{z — z')\ 
and by summing the attractions of all the elements, the partial attractions of the 
whole maiiij iu the same directions will be 

»J* dm'— J* J dm, yJ*dm^J*j^ dm, »J*dm— J*»f dm. 
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But by tbe pnq^rty of tbe centre of gamty, 

wherefore tbe attractions of tbe whole mass upon the particle in the Siune directions 
as befoie, will be 

«XMiy yXm, «Xm. 
Now the resultant of these fbroes is directed to the ori|pii of the co-ordiiiates» and la 
equal to 4* -f + «^ X «, which is Nbwton's proposition. 

Having proved that the example comes under tbe foreg^oin^ problem, it is next to 
be observed, that the axis of rotation, supposed parallel to .r, will pass through the 
centre of gravity of the mass : for that point must be at rest by the action of all the 
foices. Assnniing »t X 1 to represent tiie central forc^ and • X m X 1 todenoletbe 
centrifugal force at the distance 1 from the axis of rotation ; according to what baa 
been ebown, tbe central forces on a particle will be 

ll»X«, MXjP, MX«t 

and the oentrifii^ forces 

sXmXjf, iXinX«i 

wherefore, by equation (A.), 

X = at X r, Y = wj X ( i - 0 }h Z = /;i X (1 - l) », 

Const. = x2 + (I -£) . (i/- + ^-); 

so that all the level surfaces are elliptical curves i and the figure of equilibrium of 

the fluid is au oblate spheroid. 

ITie radius of the equator is to the polar semi-axis as 1 to -v/ l — s ; and if f = ^» 

as in the ease of the earth, the proportion is 67B to 577> agreeing with what Hmroaaiis 
found. 

Problem II. 

To determine the ^%m-^. of equilibrium of a homogeneous fluid at liberty, the par- 
ticles attracting one another in the inverse proportion of the square of the distance, 
at tbe same time that they are urged by a centrifugal force caused by revolving about 
an axis. 

iSbAificpM.— If we adopt for the unit of mass a qAere of the g^ven fluid haraig its 
radius eqoal to a, the attractive force at the snrfooe of the qphore ml! be ^ X the 
value of g being the same for all spheres of the same matter; and if the time of one 
entire revolution about the axis of rotation he denoted by the centrifugal force at 

the snrftce 4^ the sphere will be ijr X a i so that the known quantity 

4ir« 1 

will denote the centrifogal force estimated in parts of the attractive forae. 

HDGCCXZZIX. 2 Jb 
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The origin of the co-ordinatei being at the ceatral point, or point of maxlmum- 
presBure, let «, « represent the co-ordinates of a particle of the fluid, » being par- 
allel to the axis of rotation ; and pat P, Q» R for the attractions of the whole mass 
upon the particle in the respecUve directions of :t,y,zi the oentrifogal force is equal 
to i X -v/jf" + at the distance + from the axis of rotation; and the par- 
tial forces parallel to ?/ and z, arc therefore i X t/ and s X z: wherefore, taking the 
total forces acting in the respective directions of jf, Xj we shall have» according to 
the equation (A.)» 

X = P, Y = Q4-iy, Z = R + ix, 

j»=y(Prf« + Qrfy + Rrf«) + f(y« + *»), . - . . (M.) 

which eqnatiim mast be verified by every level sarfiioe the upper surfoce indnded; 
p being constant in every level surfiuie, and equal to zero in the upper surface. 

Now the equation just found is not sufficient to solve the problem : first, because 
all the forces that act upon the particles in a level surface, and tend to change its 
figure, are not taken into account; secondly, bpcause the equation is indeterminatey 
and incapable of ascertaining a level surface wliich ailmits of only one form. 

In regard to the first point it is tu be ubsurveU, that the pressure u|>un a level sur- 
fiuse is the e^BCt of all the forces that urge tiMs particles of the exterior fluid s and In 
the present instance a part of these forces is the attraction of the fluid withht the 
levd surfhoe. But, as action is always attended with reaction, if the fluid within the 
level surface attract the fluid on the outside and cause it to press, the fluid on the 
outside will react, and, by its attraction, urge the particles within the level surface to 
move from tlicir places. It is not necessan,' to investig-ate in what manner all the 
particles witiiiu a level surface are acted upuu by the exterior fluid : it iss sulficient to 
consider the forces acting upon the particles in the surfoce itself; because the form 
of equilibrium of the mass will be ascertained, when the figure of every levd surfiice 
is determined. Now the nature of a levd sur&ce consists in this, that the resultant 
of all independent forces urging a particle in it, must be perpendicular to it. Where- 
fore if, m before, r, y, z represent the co-nrflitiatis of a particle in a level surface; 
and if 1", Q', denote the partial attractions parallel to x, z, of the stratum of 
fluid exterior to the level surface, we must have this equation, 

P r/.r + Q\/ // + R' rf 2 = 0, 

which expresses the condition that the resultant of the attractions upon the particle 
is perpendicular to the surface ; and in order that the same tiling may be true d 
every point in the surface, we must have the equation 

coast. =iJ^{Pdx + Q!dif+B!dx) ....... (N.) 

The problem is completely solved by the two equations (M.) and. (N.). TTMse equa- 
tions together take into account all the forces tending to move a piurticle in a level 
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surface ; and what h wanting in the equation (M.) tor giving a determinate figure to 
any such surface, is supplied by the equation (N.). 

If ve apply the foregoing solation to the obbute elliptical spheroid, it will imme' 
dialely appear, according; to what is proved in the PrinciiMa, lib. 1. Prop. 01. Cor. 3., 
that the equation (N.) is verified by any surface similar and coMsentric to the snrfiuie 
of splifTcMfl. A further simplification arises from the same property ; for wf may 
substitute t!iL attraction of tiie matter within tlie interior surface, for the luti :ii riiin 
of all the matter of the spheroid: so that the solution of the problem is reduced u> 
the single condition of finding an elliptical snr&ce to which the resultant of the 
attnurtive and centrifugal forces shall be perpendicular. 

It may not be here improper to draw attention to the diffisrence between the ana> 
lyiis of a problem, and its synthetic demonstration. In an analysis it is necessary to 
mount up to the essential priiicij)]es of a problem, which always occupy a prominent 
place in the investigration ; whereas a synthetic demonstration may proceed on pro- 
perties previously investigated, and may be read and understood, although the essen- 
tial grounds of the problem may never be brought into view. There is no doubt that 
it is the property fAted above £rom the Plrincipia, which makes the ellipUcal S|dieroid, 
exclusively of aU other figures, the form of eqmlibrium of a homogeneous mass of 
fluid revolving about an axis ; yet of this property no mention is made in Maclav- 
rin's demonstration. Nay, it has been contended on high authority that the pro- 
perty in question is merely accidental, and not essential to the equilibrium*. A little 
patience to have traced the property on which Maci<aurin'6 reasoning rests to its 
vltiniAte fonndatioii, would have shown that, however the processes of investigation 
may be varied, they all originate from one source^. 

Having now found the equations for determining a priori the figure of equilibrium 
of an incompressible fluid revolving about an axis, it remains to solve these equations. 



To solve the equations of the last problem. 

5olu<ton.— These equations are not eadly solved without complicated calculations, 

at least if we proceed by direct methods. 

The co-ordinates of a particle in a level surface being t,i/, z the partial attractions 
parallel to x, y, z of the whole mass upon the particle, are represented in the equa- 
tion (M.) by i\ tj, R: and in tlie equation (N.), F, Q', R' are the like partial attrac- 
tions of the exterior stratum upon the particle : wherefore if P", Q li" denote the 
fike partial attractions of the body of fluid within the level surface up<m the particle, 
we shall have to solve these two equations, 



PffOBLBM HI. 




the sum of which is the equation (M.). 

* Poiuoir, Xniti de M^cani^ue, No. 598. t Vide Note, p. 248. 

2 t2 
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Let fb be a molecule of the body of fluid within the level surface ; x', a/ the 
oo-ordiiiates of J ; /the dhtaace of dfk firom the attnu^ partidM in the level 
sarfiuse: then 

/=^{x^ (y -y)^ + (« - ' 
The direct attmetion oidfi upon the attracted partide ia 

the ooeines of tlx angles wbicfay makes with x, are lespectiTely 

whrrcforp the partial attractive forces parallel to ,r, r/, z, acting upon (lie particle in 
the level sur^e in the directions in which the co-ordinates decrease, will be 

or, which are equivalent^ 

-df^--dT' -^('■■^df' -"^t^'-dT- 

and, observing that x, y, z, are independent of A ^, tlie like partial finoes of all the 
molecules of the mass of fluid within the level surface, may be thus expressed : 



d 



dx ' 3y * — d» * 



the intq^ral extending to all the molecules within the level snrfiice. Now these forotf 
are the saoie in quantity, but have contrary directions to the forces represented by 

F', Q", R" in the equation (M'.) ; so that by snbstituting and then int^rating, that 
equation will l>e thus transformed : 

const. =y y + i (.y* + «^). 

Now the inspection of this equation is alone suflScient to sliow that, if ii be verified 
in one curve surfiice, it will be verified in every curve surface similar and similarly 
posited abont the central point For assame two attracted points similarly situated 
in two such, similar sur&ces ; divide the matter within tiie surftces into the same 
numlier of infinitesimal molecules proportional to the massn within the snrftoes ; 
then, taking any molecules similarly situated with respect to the attracted points, the 
differential 



will be proportional to the square of tlie linear dinieosious of the surfaces. This i.» 
evident; for the nuuicraturs arc as the masses, or in the triplicate ratio of the linear 
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dimeniions ; and / representing similar lines of the surfaces, the denominators are 
simply as the linear dimensions. Wherefore the integral 




extended to aU the molecalei within tihe mrfeecej will be proportional to ibe tqaave 
of the linear dimennoni. B^rther, iteoanse the attTacted points are Nmilady placed 
in the two snrfaces, their eo-ordioates will be sindlar Unea ; eoniequently 

+ 

will be as the squares of the linear dimensions of the surfaces. From what has been 
proved we learn that, for attracted points similarly situated in the surfaces, C will 
vary from one surface to another proportionally to the square of the linear dimensions 
of the surfaccM ; wherefore if C be constant at all the points of any one surface, it will 
be constant uL all the points of every surface similar and ijimiiarly posited about the 
eentral point. 

The aolotion of the equation (M'.) with respect to all the level snrftces, is now re- 
duced to the verification of that equation by the npper snrfiioe of the flnid. When 
this condition is fulfilled, all the interior level surfaces, it has been demonstrated, are 
riroilar to rh<- t!p|>er surface, and stniilarly posited about the central point. 

We come next to turn our attention to the 
equation (N). Let ARB represent the surface 
of the fluid in eqdlibrinm ; C the centra) point ; 
arb% level surfiice similar to A RB, and simi- 
brly situated about C ; further, a being an at- 
tracted point in the level surface, and u a point 
of the stratum between the two surfaces, put 
X, ,»/, z for the co-ordinates of a, and r', j/, z' for 
those of u ; then / being the distance from a 
to tf, we shall have 

Let d ^ represent a molecule of the stratum at 
the point »; the direct attraction of d it! upon 
a partide at a, will be 




and by proceed in as before it will he foini'l tliat the partial forces parallel to t, »/, r, 
caused by the attnictions of all the molecules of the stratum upon the particle, and 
estimated in the directions in which the co-ordinates increase, are as follows: 





Digitized by Google 



260 MR. nrORT ON TBB COMDlTIONll OP EQUIUBRIIW 

Now these are the forces represented by P*, Q*, R' in the equation (N.) : so that, by 
aobalitatiiig and integrating, that equation will be changed into this which follows : 

const. = J^^i 

the integral extending to all the molecnles of the stratnin. 
The co4>rdinaitea at the points a and u, are tiios expresaed : 

jrsrsin(roo89 y = «aln^ooi^ 

xssrsintf^ny x'ssfsin^rin^', 

in which formulas, ^ arc the iuagles that r and s make with the axis of rotation ; 
and 9j 4 angles that determine the position of the projecdons <tf r and * upon the 
plMie of jf X. By nl»tituting the values of the C(M>rdinates we obtain 

y = COS <1 COS a -}- sin 0 sin If cos (y — if). 

If the variables *, f , </ change Xo s ds^S ■\- d^^^ '\- d^^ the three small lines 
dt,s d^fSiAn^ d y', will be perpendleolar to one another; and, as the dendty is 
unit, we shall have 

The foregohug values bebg snlratituted, this result will be obtained, 

the intqgratlonB extending from y a 1 toys -> 1 ; and from ^ « 0, ^ = O,to/ = T, 
9^ s 2 it; and from « = /,to«sR,r^andR bebg the values of « at the interior 
and upper surfiu;es. 

Since and R have the same ratio in every position of the line C r' R, we may put 
« = (1 + «) X r^,dt = dit X t^i by which snbstitntiotts the last equation will be> 
come, 

V *"*V(r+*.)+?»-(r+if 

the quantity a being constant al all the points of an exterior sor&ce simihir to the 
levd surfiio^ but varying from one exterior surface to another. The radical quantity 

must next be expanded in a series of the powers of p^^^p^' viz. 

' +C"' • TO + C*-?r(rW. + C«-?^ + to. 
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the coeffictento being detenoined by the welUknown formuia, 

r i.£.3...t x<I/ 

This ezpanaioaig admissible; for (1 +«) being the radius of a snrfiioe exterior to 
the levdlsniftce, r'n^a) ^ '"'^ ^ "^"^ always oonverge. 
By snbstitntiag tiie aeries, we get, 



As must have the same value at all the ptWDts of the level surfiMei it must be 

independent of r, which varies with the position of the attracted point ; and iHoice 
we learn that all the terms of the forcing series containing r, or any power of r, 
most be separately equal to aero. T\ua brings the qnestion to the two following 
equations: first, 

which aseertainB the quantity oi/*^, resulting from the attraction of a stratum con- 
tained between the similar snrfkces, of wluch the radii are and . (1 + «)» Bnd 
such that y has the same value Hot all positioiiB of the attracted point in the level 

surface ; secondly, the equation 

^^ff<i^^^^'''F^^ (O.) 

for all values of t firom 1 to which determuies the cxpresdon of r', and the nature 

of tbc spheroid. It now only remains to solve this equation. 
Wliatever figure the spheroid sought may be supposed to have, the equation of its 
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surface will be a function of the three coordinates of a point of that surface : and 
the expression of a radius deduced from tbat equation, can only be a function of 
Ibe three quantities 

cos/, sin/ 006 f', sin /sin//, mcf^V^dt 

which determine the position of r'. We may suppose that r', or any power of po- 
sitive or negati?e» is dther exactly or approximately a rational function d €/,V,ifi 
and the terms of every such function may be so arranged as to come under tills fono 
of aqtression : 

uw+uw + u<*), ... + «<•), 

UOO beingaooostant, and U^*) representing generaUy a homogeneous function of 
V,<f<^n dimeanons. By means of this notation we obtain the following theorems : 

I. 0 = ^/^X " ddd^^xn^ . UW C« 

in all cases when n is less than «: 

II. 0= r /"rf<f rfo'8in/U«C«^ 

when n is an even number, and t an odd number. 

These theorems relate to a branch of analysis that has been much cultivated ; and 
as they are easily deduced from well-known properties, the demonstrations are omitted 
for the sake of lUnidging. 

According to what has been said, 

and if we make { s l, C^> = the equation (O.) will become 

0= // rf#</g'8in/.{yU« + yU^'> + yUW..., + yUW|. 

Now* by the second theorem, all the terms in which n is an even number will be sere; 
and hence, in order to make the whole expression zero^ all the other terms in which 
n an odd number must be exterminated. Thus the value of that will veriQr the 
equation (O.) is as follows : 

« U« + U^*> + . . . . + Ut» *\ 

Every power of positive or negative will be of the like form, so that 

-La = + \}^'^ + . . . . + ; 

and, by the second theorem, this expression will verify tiie equation (O.) in all caws 

whrn / is an odd number. 

As the equation (O.) dues not contain W when t = 2, it is obviously verified in that 
case. When i =s 4 we have 
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and tbe equation (O.) will take this form, 

0 = ffdid^^ (t . {U« C^*> + U^^^ C^*^ + C* +, Ac,) s 

of wbieb estprcsalon the two first termi are aero by tbe first theorem ; but as tba Biie> 
ceeding terms bave all deterndnate values, they mast be cancelled, which limits tbe 

expression of that will verify the equation (O.) to 

We have now only to inqnire whether the expression of ^ thas fouad will verify tbe 
equation (O.) ia all cases when i is an even number greater than 4 : now 

and i being any even number, if the binomial quantity be expanded and arranged 
in bomogeneotts functions, it will be of this form, 

t h L substitution of which will produce a series of terms, every one of which will vanish 
by the first tlieoiem. 

Hie foregoing investigation proves that every figure capable of falfilling the condi- 
tions reqtured for the equilibrium of an inoomprearible fluid subject to the law of 
attraction that iNrevaila in nature, and revolving about an axis, is comprehended In 
the formula 

Taking the most general expression of U^^\ which stands fur a homogeneous expres- 
aion of two dimennons, of coe ^, sin / cos j^, sin I* sin 9', or a', b', ^ \ and obsendng 
that the constant 

may bo blended with the expiesalon of U^, we shall have 

and wt* V,t* d wt the co-ordinates of a point in the surftce of tbe fluid, we 
obtain this general equation : 

which is that of an ellipsoid, the coordinates being parallel to any three (Uameters 
intersecting at right angles. This general equation is modified by the rotatory mo^ 

MDCCCXXXIX. 2 M 
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tiou i for it is easy to prove that the axis about which the tluid revolves^ or the dia- 
meter parallel to the cfMwdlnale a/, ranat be perpendicular to the sadkce of the fluid, 
and conaequentiy H must be one of the axee of the ellipsoid : and as uothing hinden 
from aanuning the other two axes for the diameters to which the co-ordinates jf and 
z are parallel, the forcing equation inll take this more simple form t 

l = Aa« + By« + Ca« = ^ + ^ + |^. 

the three semi-axes of the ellipsuid being k, V, ft!', of which k is the axis of rotation. 
Thus the ellipsoid comprehends every possible figure of equilibrium, the rotatory 
motion being performed about one of the axes. When the centrifugal force ia given, 
the particular figure d equiUbrium ia found by making the resultant of the attractive 
and centrifugal forces perpendicular to the surbce of the dlipeoid. 
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Nate tjf Mr. Ivort reloft'iif to ike torrw iuig on error m a Pajfer prkUed i* the 
PkUomtpkUnd T^wuaeHvm/or 1888, pp. S7» &c. 



In die paper referred to* it is nid, " Let V stand for the integral in the equation (7.)t 
and anppoBing tint p and vary so as alwaya to aatisQr that equation, we shall have 

Now the error alluded to consists in having given u wrong sign to the diiferential 

the valae of which, as has been said, is modified, in the qaestion under consi- 

deration, by tlie equation (7.)- T^^^^ tnistake vitiates the conclnding part of the paper 
in pp. 63, 64, {)5, as far as relates to the limits of the quantities p ;nifi r- M. Lious- 
viLLB has doiiL' tlie aiitfior of the paper the honour of nuticing and correcting the 
mistake in his Jounuil de Mathimatiquex for April 1839. When the sign of the dif- 
feiential is rightly ascertained, tlie analysis pursued in the paper leads to a simple 
determination of the limits soagfat, as tUs Note will prove, Ibe pn^rieCj of printiBf 
which in the Philosophical TransacUons is snbmitted to the C^nncS. 
For the sake of alirid^ng expressions, pat 

A* = (!+;»«*)» + «*«*, F=:(l+j»)« + f»; 

then 

(1 -J*) (1 = A»- FA 
By snbfltitnting this valne in equation (70 > 

and hence 

which proves that the same valnes of p and f* that make V = 0, will necessarily 

make ^tj^ positive. 
Further, we have 

rfV ^ _ I (8 + ap^;^^) (I + 2p^^} ; 

from which it follows that, whatever poeitive number stands for, ^ is negative for 

* nflOMpUEsl TmnBoctions, 1818, p. CS. 
2m 2 
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all values of p that make 3 -\- 2 p — pl^ positive, that is, for all values of p less 
than 3. 

The fimction V it positive when p as 1 s it is xero whenp as /> and f* s o. And, 
if we siqifNWe that p decreases from Pto I, while increases frmn 0 to cvs, the dif- 
ferential eqaation (A.) will in no instanrp he vrnfit t! : hocanse, according' to what 
has been shown, both the terms of the equation will be positive between tlie limits 
mentioned. Thus there is no valne of p less than that will verify the equation (7.)* 

It is jirovcd in the paper (p. 62} that for every assnmed valne of t*, tliere is a posi* 
tive valne of that will verify the eqnation (7*)* as it has noivhem shown that 
die values of p whieh verify that equation cannot be less than ihej moat be all 
greater than A 

dy 

Farther^ in the diflerential eqna^n (A.)» ^ eannot be aero $ becanse, r* inereaainf 

V 

without limit, . r <^ r ia essentially positive. Now, for all values of p between P 

and 3> is negative; wherefore the aame fonction will oonlinue to be negative in 

ci \* 

the equation (A.) for all values of p and : and as ^ is also negative, dp mnst 

be positivi^ BO that p will inarcaae above P without limit. 

If the sign of ^ be changed, the result wilt be posKive; and hence, observing that 

s is contuned between 0 and 1, we obtain a omdition between any two values of p 
and that satisfy the equation (7.)j namdy, the cxprsasion 

(8+|»-p»)(l+j») + 9i»f« 
most be a positive quantity, or, which is the same thing, 

J. Ivoay. 

Jufy 35, 1889. 
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XVI. JIgwrl ^ a Oeemetieai Meamnmmt the B^ki ^ the Aurora BotmSs 
above the Earth, Bg the Rev, Janbs Pamuhamon, LL,D, FJi.S., MmUter 
the Parieh Afford, Commmueated hf Mtgar Sabinb, Rjt FJLS, t^e. 

RcMtved UKf <0.-<-Beid Jam 90. 18W. 

■ 

When, in 1833, 1 oboerved the " iostractioas for obierven of llie aurora borealti,** 
farealated by the Bntiah Aaiociatbn fiw the AdYanoement of SeienoOj I became de- 
sirous of aiding in the attainment of the objects the Afisociation have fai view ; the 

chief of which are, the detctmination by geomotrira! measurement of the height 
of till' lueiuor above the earth, and of the aUifinir and azimuth of the point to 
which the streamers seem to converge, and which lias been named the centre of the 
corona. 

The fiill acoooipliahment of my purpose has been dehyed by impediments^ the 
eliief of vfatdi tHU be referred to in the pragxeee of this Beport. I have, howerer, at 
length obtidned such reeolts as I conceive will be deemed of importance, and I beg 

leave respectfully to prc^ifiit tlipin to tho notice of the Roval So< ietv 

I had soon au opportunity lor cirtcrmining, with sufficient accuracy, the altitude 
and azimuth of the point in the heavens to which the streamers seem to converge ; 
and as this oonstitatcs an important element in enabHog ns to form a olear ooneep- 
tion of the whole definite aitangement and progress of the meteor, and <tf the extent 
of rdianoe to be placed on the method aAermun^ liad reconrse to for measuriog the 
height above the earth, and as that distinguished observer, Major Sabinb, has since 
determined the dip of the magnetic needle at this place, which agrees with the angle 
of altitude of thr pnint of convergence of the Streamers, I shall proceed, first, tode» 
tail, from my notes made at the time, my observations on this point. 

On the December, 1833, during the progress of a hard gale at nearly due 
west, temperature 42" Fahb., there ocenrred here an aurora borealis, rooie nearly than 
any other I have seen, like the one seen by me here on the 29tb of September, 1828, 
contemporaneously with a luminous arch seen by Davies Gilbert, Esq. P.R.S., at 
Rosemorran in Cornwall, as described by me in a letter to the President, which was 
honoured with a place in the Philosophical Transactions*. The ciiief diiference of 
the two consisted in there being, on the 29th of December, 1833, many more arches 
of great length fiom east to west, wdl-deflned, and s e p arated, when in the i^e ti 
the magnetic dip, by clear lanes, firom all the other arches and lights in other parts 
of the dcy. 

* lUloMflikaM^nnMetiHi^ 18S9. 10S-1£Q. 
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At 6 P.M. innumerable groups of brilliant streamers, and nebulous patches of light, 
appeared in almost all pttrts ik tbe sky, but arranged into narrow arohcSj with clear 
lanes between them» near the plane of tbe magnetic dip. The ilcy was clear of donds, 
with the exception of one dond of low elevadoo at aonth-«a8t. When Urn meteorwas 

first noticed, there was one narrow distinct arch, almost continuous from the eastern 
to the western horizon, a little north of, and parallel to, the plane of the magnetic 
dip. This arch made a rapid progress southward, always preserving its parallelism 
to tbe plane of tbe magnetic dip, and in four or five minutes passed into that plane, 
where its vertex presented tbe appearance named by observers a corona, wdl-defined 
and brilliant. The appearance of the corona is that of innamerable pencilSp or 
brushes of light radiating in all directions from a centre. In the present instance the 
pencils pointing northward and southward were short, ending at the edges of theardit 
which was only 4" or 5° broud ; and those that pointed eastward and westward be- 
came blended with tlin streamers which formed its east and wf^^f ends. A small space 
in the ueiitre of tlie curuiiu had a nebulous, rather than radiated appearance. This 
was only about <ne ^gree broad, but prevented tbe determination of the centra «ar 
cepdng by approximation within half a degree. 

At the moment when, in the southward progress ttt the arch, the centre of the co- 
rona became best defined, I had a good resource at hand for determining it^ place 
in the heavens, approximately, within such limits as the nebulous centrical light al- 
lowed. This consisted in mai kinf:^, on an outside stair rail, the [)recise point from 
which the centre of tlic corona was exactly been, over an extreme projecting point on 
one of die comers of the Manse here. 

The distinct arch <tf the anron now described, oontinned to makea rapid progress 
southward, preserving always a parallel^ with its earlier positions, and with the 
plane of the uiaj^netic dip. The short streamers to the north of the centre of the co- 
rona became more shortened ; and those to the south of it became proportionally 
longer, preserving in this way the vertex of ilu a rh of a mean breadth with that of 
the other parts of it, till at length the corona lost the whole rays that had a northerly 
direction. Tlie whole arch, as it went on still fttrther towards tbe sonth, became 
gradually enlarged in its lateral dunension^ that is* in breadth from n(»th to sonth, 
as I have described other arches to have done, in the letter to tbe President of the 
Royal Society al)ove referred to. 

My attention was soon withffniwn from thin nreli by another now approaching the 
zenith from the north, i'his was composed ul much more brilliant streamers than 
the former. It was considerably wider from north to south, and less evmly defined 
at its north and south edges, appearing there fitfoUy rugged, but quite distinctly se- 
parated from the Dumerons other lights In the dcy by lanes dear of any form of tiie 
meteor. Expecting that it too would pass southward, and form a corona, when it 
reached the position where the other had done so, I provided a long straight edged 
ruler, to ascertain by it whether tbe streamers in all parts of the &ky were directed 
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to the centre of the oorom. The arch soon passed southward into the plane of the 
magnetic (fip, namnring in breadth tlH it reaohed that poaition, and foriuing when 
there ncoffona, enedgrliko the former one^ the centre of which had the same altitude 

and azimath. On looking at the ceatre of the corona over the straight edge of the 
ruler at one of its ends, while it was held out at arm's lengtli, and at the same time 
bringing the other end round to all parts of the sky, it was found that everywhere 
the streamers were directed lengthwise to the centre of the coruua. 

Thia latter arch paawd aoatbwaid aa the former liad done ; and like it also, in- 
creaaed ita breadth firom north to aonth in its onward pn^pren from the plane of the 
dipt It waa anooeedad bj nwny other arches and fragments of arches, tint il^ arches 
oat aliort in their east and west dimension, all of which behaved themselves in a 
manner analogous to the two first arches, or to correspoiniini,' portions of them. 
About an hour and a half after the aurora was hrst seen, the plienouieua became faint 
at all points, and the sky soon after became obscured l>y clouds. 

On tlw day followinf these ohaemtiona, I mcamred* by means of a imall gra> 
duated aemidrcle, with plummet, the angle tint the line, joining the raailc on the 
stair rail and the projecting point on the corner of the Manse, made with the boriaon, 
and found it about 72°. Major Sabine afterwards, on the 27th and 29th of August, 
1836, by 160 readings of his dipping-needle, determined the dip at this place to be 
then / 'I" 19''5*. I also Itud down a horizontal line in the azimuth of the two points; 
and having sospended over it, by means of a silk fibre, a horizontal magnetic needle, 
foond that the needle came to rest parallel to the Ijne. 

It has been a matter of more diAcnlty to anraoge the means* and find a lit oppop- 
tunity, to determine the height above the earthy 1^ tlie method recommended by the 
British Association, namely, by instrumental measurements of the angular elevations 
of an arch, made contemporaneously at two stiitions on the magnetic meridian* suffi- 
ciently distant from each other to give a clear and satisfactory parallax. 

With the view of effecting this, I entered Into arrangements with a gentleman 
wboae rmidence is abont its milea north of this place* and very near its magn^ 
meridian* There mtervenca the ridge of the Careen hilla, cKtendtng in length from 
east and west abont ten miles, in breadth from north to south about four miles, and 
elevated at many points abont 1000 feet ahove the level of the two stations. After 
looking out for some years forcorrespondint^ observations of the same amh, although 
there was no want of appearances of the aurora, the gentleiuan and L tound that the 
obaerved con^ttons and circamslanoes were so discrepant, as to prohibit the inference 
that we had ai any time witnessed the same phenomenon. We hadagread that eadi 
should ohasrve to the northward of liis own station. 

In the mean time I obtained information which I deemed highly valuable for de- 
termining the locality of the stations that might be next selected. The Rev. John 
MiNTO, a native of this jmrish, and schoolmaster of Clatt, which is on the north side 
* Miyor Sabimb's OtMervatiooa oa the Direction and lotciuitj of thxt Magnetic Force in Scotland, 1836. 
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of theConra Ulbj hadfi«qiieiit oocadoii topanbati^^ W» 
palh over the bills is, at its most elevRtod fwrt, neariy in tlie Kne of the magnetic me- 
rMian. He informed me thai he had puaed in this line several times after dark, on 
occasions when the aurora burealis was ^sible. At these times he bad txavelied in 

the northerly direction only; but after seein;-* the whole meteor to the northward of 
his place, while ascending^ the south side ot the highest part of his path, when hp 
reached the valley on the north side, he then saw the aurora wholly to the south, and 
aft such a low elerotlon as could not be aocoontied for 1^ the known mommnt of the 
meteor itself» witboot taking into account its apparent change of place occasioned by 
his own movement northward. This circumstance occurred to him se?Sfal times ; 
and he became impressed with the conviction, that the place of the meteor on these 
occasions was the Coreen hil!«. nnd that it was at no great elevation above them. 
Mr. MiNTo\s conclusion coinciiieil with those I have had reason to form, from many 
observations of the meteor, respecting the lownesi^of the region iu which it is vitiible; 
and admitting the oondosions to be correct, it became obvious that tbe two stations, 
from whence to determine its height, wonld be iMth most expediently dhosen on one 
side of the ridge of hills. This choice of stations was therefore had recouise to, and 
with a completely satisfactory result, as will be afterwards stated. 

But previously to presenting' the o!>scrvations- that were made at tlie selected sta- 
tions, it seems necessary, for a right appreciation of their value, to make some re- 
miuks on an obvious misapprehension that yet seems to be entertained of the ar- 
rangement and progress (tf tbe anroia. I had shown that its arrangement and pro- 
gress are definite in relation to the lines of magnetism of the earth, in a paper pub- 
lished in the Edinburgh Philosophical Journal in April, 1823*, and aftwwards in 
the h'trer addressed to the Pn stder t of the Royal Society, and published in the 
Philosopliical Transactions, 182D, above referretl to. In the latter publication, after 
describing various appearances of tbe aurora, I stated that these appearances indicated 
the following neoesaary results : — 

Ist. That the aurora bocealis always presento itsdf in definite and very cnriovs 
relations to the lines of magnetism indicated by tbe needle. 

" 2nd. That the streamers, in the direction of their length, coincide with the plane 
of the dip of the needle, or nearly so; and that each individual streamer is, in &ct, 
parallel to tbe dipping-needle. 

** 3rd. That they [the streamers] form a thin fringe, stretching often a great way 
fnm east to west at right angles to the magnetic meridian. 

** 4tb. That the fringe moves away from tbe north magnetic pole, by the extinction 
of streamei-s at its northern fkce, and tbe formation of new ones, contiguous to its 
southern face. 

" 5tfi. That the invariable regularity of its appearance, as seen by many observers, 
when it comes fully witbia command of the eye near the zenith, shows the apparent 

* Vol. viii. p. 308. 
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irregularities, whoi it k seen elifeier more northerly or sonitherly, to be only optical 
lllnsions. 

"6th. That the region wl»^ it ooenpies is above, and contiguoue to that of the 

clouds, or that in which they are about to form." 

Some terms employed in the " Instructions" of the Bi itish Association, aijd some 
also employed by M. Arago, in a passage of his printed in the Edinburgh N(nv Vh'i- 
losophical Journal*, show, that these inductions of mine, regarding the arrangement 
and progress of the meteu', have been n^nnderMood or not admitted as aoconte. 
In the ** Instmctlons" it is said, " the determination of elevation can scarcdy be ap< 
plied to streamers of aurora, except when some sudden incurvation, or change, oocors 
which may happen to be noticed at two stations ; but the arcljes are of a less eva^ 
nescent nature " This obviously implies that the streamers and the arches are two 
distinct anH uncomifcted branches of the phenomena. Tlie term?? of M. AnAoo imply 
the same ttiiug. lie says, when in our cliutates the aurora butealis is cuinplete, 
wlieD one part of its light pictures on space a well-defined tueh, the dominating point 
of this arch is in the magnetic meridhm ; and its two points cf apparent intersection 
with the horizon are at equal angular distances from the same meridian. When it 
projects luminous columns, [by which he evidently means streamers,] from different 
porti<Mis of the arch, their point of intersrrtion, called by certain meteorologists the 
cetifi L" of the cupola, is found in the magnetic meridian, and precisely upon the pro- 
longation of the dipping needle." Here too the arches and the streamers are con- 
sidered as distinct objects. But ardt of the aurora is composed of a number of 
titeamen grouped and aggregated together within a defined stereometric space, whose 
bounding |)Iane8 bear certain rehitluns to the lines of magnetism of the earth. It is 
this fact that I announced in the Edinburgh Philosophical Journal in 1823, and after- 
wards in the letter to the President of the Royal Society ; and if the arrangement is 
not yet understood, it may have been owing to a misapprehension of the terminology 
I employed ; or, more probably, to my not having, in the letter to the President, 
entered into a detail of the varieties of tlie arches that often present themselves, as I 
had done in the Edinburgh Journal I would endeavour now to supply the deficiencyj 
by defining the terms, and entering into some more detail of the varieties, or rather 
apparent varieties of the arches ; for the numerous observations of the aurora I have 
since made, convince ine more fully of t!ie existence of that definite order of its 
arrangement and progress wiiicli I have tormerly described, and that it is worthy of 
being understood, however much I may have hitherto failed clearly to explain it. 

The terms arch and streamer of the annna, I had used without defining them, 
beomse I conceived them to be hi common use among observen; and I shall now 
perhaps be able best to define them, after presenting anew one part of the descrip- 
tion of the whole meteor, which I had given in the Edinburgh Philosophical Journal 

* Vol. xxT. p. 419. t regret tbit I eMmot mm fKtSoMT 'mSata M. Amtao'u pdaBa K awi, twing ma 
the putage only in the Maguiae. 

MDCCCXXXIX. 9 M 
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in 1828, irhich Is as follows. '< In this latitude, (about 19* N.) tlie aaroraborealia, 
on tlioie e?enings vlien it is virible, genaraUy first shows itself, after darlc, Uke a bright 
bat drcamscribed twilight on the visible horia«ni, the oentre of which is exactly on 

the northern point of the magnetic meridian. So long: the f)ri<:tit ?pncc continaes 
low, its light often nearly resembles the pale blue wliite light of the real twilight; 
but varies momentarily by incessant and undefined fits of gleaming and obscuration. 
By degrees the meteor enlarges itself, rising higher, and extending more from east to 
west on the horixon. The play of the fitful gleaming light becomes gradually better 
defined ; and the whole luminous space presents the appearance of pmdis, or bundles, 
of rays poinliog upwards, and, when viewed in narrow compartments, maintaining a 
parallelism among themselves, similar to that exhibited by the rays of the sun when 
he shines tliroii^h broken clouds athwart a hazy atmosphere. The rays which are on 
the magnetic meridian arc parallel to that line, pointing exactly to the zenith ; and 
those which are considerably to the eastward or westward of that meridian are di- 
rected to a point which appears within the limits of 10° [18°] to tlie soathward of 
the senith. The bluish white light changes into a beautiful pale green, which when 
the meteor rises quite above the horison, as will be afterwards described, becomes 
tinged at the lower extremity of the rays with blue and violet, and at their upper ex- 
tremity with yellow and orange. The mys are very various in their intensity of light, 
as compared with one another ; their higher and lower portions also frequently differ 
' from each other in that respect g and the whole appearance of each ray .varies inces- 
santly. It now brealcs off, and disappears for a oonriderable apace at its higher or 
lower extremity, and then immediatdy becomes again luminous to its former exfent; 
now seemingly runs from to west or ftom west to east through 5*" or 10° or 12", 
during the space of n second or two, preserving correctly its parullehsin with other 
rays, which it approaches or passes in its progress ; then remains stationary for a 
second or two, undergoing various changes of vividness ; and ai'terwards disappears 
instantaneously, to have its place supplied by another ray, created as rapidly as its 
predecessor was annihiktted. Tliis magnificent and beautiM light gradually extends 
itself towards the south, and at length separates itself from the northern horizon 
at the point of the magnetic meridian, and forms a flat luminous arch in the northern 
part of x\\c heavens. The arch still goes on to make progress towards the soutli its 
convex or u[)[kt part npproarhinf»' the zenith, antl its concave or lower side bei omuig 
more widely separated from the horizon. When it reaches au elevation of about 40*^, 
it presents the appearance of a broad [curved] zone, occupying from north to south 
the space of frmn 26" to 85" at its vertex, and having Its eastern and western extre- 
mities resting <m the visible faoriaon.** 

In this passage, both tlie streamers and the arch of the aurora are described. The 
streamers are the narrow pcneils, or bundles, of rays whose upper extremities are 
directed to that point in the heavens wiiieli forms the upper prolongation of the line 
of the dipping needle. They are severally in a state of incessant extinction and reno- 
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vation. An arch is the curved zone of light formed by an aggregation or grouping' of 
a great number of streamers into a definite form. Although composed entirely of 
parts (streamers) wbidi are levecalfy evanescent, yet the perpetual renewal «f theee 
^thin a definite spac^ or in a definite direction in rdatlon to tlte place of the extinct 
ones, renders the arch relatively permanent ; and it often conlinnes for several hoars, 
sbifVmg however gradually towards the south. 

In continuation of the above passage taken from the Edinburgh Philosophical 
Journal, I bad described the further progress of such an arch as that mentioned in it, and 
shown, that it passes at length into the plane of the magnetic dip, gradually contract- 
ing its breadth, firom north to south, as it nearly approaches that plane^ the streanieis 
of which it is composed still pointing', in every part of it, to the point which is on the 
prolongation of the dipfnnf needle ; and iha^ when it at last reaches the plane of the 
magnetic dip, it forms a narrow zone, seldom exceeding 4" or 5° from north to south, 
stretching across the heavens at right iintr'es to the magnetic meridian, and composed 
now, in its east and west ends, of stieamers which no longer cross its breadth, as 
they did while it was in a more northerly position, but are parallel to the zone itself, 
and therefore pointanj^ east and west. In that jonmal, I liad added to tfm descrip> 
tion of the arrangement and progress of the longer and more complete arches that 
present themsdves, a description of some of the varieties, or shorter ardiea, which at 
varioDS times occur, either by themselves, or minjrIf'H up with the longer arches. I 
shall quote from the Edinbiirgli Philosophical Journal the account I had given of 
these varieties, because, in the letter to the President of tlie lioyal i>ociety, I neg- 
lected to describe them along with the more lengthened arches; and the n^lect 
may have occasioned misapprehension of the whole subject on the part of those who 
have seen only the letter to the Prerident. 

In the Edinburgh Journal, after a description of the more lengthened arch, and its 
progress, it is addeil, *' such is the order of appearances presented by the aurora borealis, 
when it is observed under the most favourable circumstances. It is very seldom, how- 
ever, that all the successive phenomena, now described, have been observed continue 
onsly on the same evening ; bnt those observed at any one partionlar time have always 
been entirely consistent with the above descriptimi i and I shall now eater a litde into 
a detail of the varieties which present themselves. It very frequently happens, that the 
twilight-like appearance on the northern horison is all that is visible, and the phe- 
nomenon begins and ends whh that. In this case the meteor is seldom of long con- 
tinuance; bnt during the time that it lasts, the luminous space gradually enlarges 
itself towards the south. It then gradually disappears; frequently to be succeeded 
by another, appearing low on the horizon, to enlarge, and afterwards disappear, as its 
predecenor had done. It happens also, very frequently, that, even when it makes 
more progress towards the south, it becomes gradually extinct long before it reaches 
the zenith ; for it is liable to a total extinction in every stage of its advancement ; 
bnt while it does continue, it follows the order above described, presenting the longest 

2 N 3 
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pencils of rays when about 45* elevaticKi, and more dense, compact and shorter onet 
near Ihe aenich. It also very fi-equently happens that the meteor is suddenly formed 

Ugh above the horizon, at first by feeble detached rays, becoming quickly more' c<»- 

densed and himinous. But in whatever stage it first begins, the succeeding relieve 
pi-offress is the same as above described. It was chiefly those meteors, which were 
first foi nu'd above the horizon, that were observed to pass over the zetiitb. Those 
i'orijied further northward geueraiiy disappeared before reaching that point. There 
is another modification of these appearances, and that is» when the meteor is entirely 
to the eostvardor westward of the magnetic meridian ; and this is of not unfrequeirt 
occurrence. lu this case, the appearance and progress of the whole exactly agree 
with those of correspondinj;; portions of the above described zone, which is formed 
when the mcicor extends across the magnetic meridian. The extremity of the hiitii- 
nous space which is nearest the magnetic meridian becuiues lirst elevated above tlie 
horison } the pencils of rays axe Greeted, longitudinally, to a point a little south of 
the zenith ; and the meteor moves gradnally towards the south, oontractiog gradually 
its lateral dimennons as it reaches the prime vertical to the magnetic meridian, 
where it assumes the i^^tearance of a nearly vertical column of brilliant light, 3® or 
4° in diameter, composed of pencils of rays parallel to itself After pasfsing- some de- 
to the southward of the prime vertical, the nu-teor be^fius io eiilai7,a- frradnally 
in width, in an order the reverse uf that in which it had become narrowed, boine 
Other apparent irregularities have been at times observed. Thus the pencils of rays 
have sometimes been seen separated into detached groups $ bnt each group consistent 
in its appearance and position with those of the other groups, SO that, had the spaces 
between them been filled up, a complete zone, mch as above described, would have 
been formetl. A detuchiueiit into distinct groups sometimes takes place immediately 
previous to the disappearance of the meteor ; but sometimes also it is nut Iin mediately 
followed by that disappearance, but the sone become again complete, or nearly so, 
at a farther stage of the progress southward. But no [real] anomalies have been at 
any time observed i nothing that is inconsistent with the described order of tlie phe- 
nomena*." 

In addition to this detail of the varieties taken from a former description, it seems 
nere'ssary here to add, that although the most frequent appearance of the meteor con- 
sists of one, or a few regular zones behind each other in a north and south direction, 
of great length from east to west, y^ sometimes, as on the evenings of the 99th Sep- 
tember 1828, and 29th December 1888, the lengthened zones are accompanied with 

* Mijw 8ABiin» here ta 1836, ud obBctviag Um iwge of the Careen Ulb, northward ot thie pltee, 

to ron exactly nt risjht nnglcs to thn magncttr meridian, suc^stcd that the grwt repitlarity nf the nppearanee 
and progress of the aurora here might be dependent on that circumstance. The suggestion is highly worthy 
efattentiao. Iteiutuid tendeaeyof the ineteor to fbedeecribed order ne^te 

]ulh : and hence a pectiliar regularity here ; but that the tendency is not altogether dependent on the locality, 
is proved by the crown of a kngthened aich being, in all places in Biitein. on the magnetic meridian, and by 
Ae nHn«nMi of mu of Bgbt In ^ iilui flf the dtp, m wlUiiwlid sad iqinrted by many obeerren. 



Digitized by Google 



OF THB HB16BT OP THE AURORA B0RBAU8 ABOVB TBS RABTB. 



275 



all the dewribed varieties, placed in the intervals between them. The whole hemi- 
sphere is, in such instonoes, pervaded by the meteor; and, on looking northward or 
flonthwardj no rcgnlarity in the arFengement can be readily distinguished. But on 
looking op in the plane of the magnetic dip, the described order is there immediately 

discovered. The meteor there presents the appearance of inffrmingled lon£:er or 
shorter narrow belts of fitful light, at ri^ht angles to the inagnutic meridian, or co- 
lumns at the east or west, having all clear intervals between them, and all making 
progress toward the south, preserving at the same time tlieir pualleliflm with each 
other. It seems also necessary to add, that the light of the several belts differs greatly 
in tntenn^i some being composed of closely crowded and very briUiant streamm, 
and others of a few feebly-ligbted, ill-defined ones. 

It is now apparent, from the description, that the streamer!? are not phenomena 
distinct from the arches, but that the latter are just aggregations of the tormer within 
certain stereometric spaces, whose bounding planes bear definite relations to the lines 
of msgnetism of the earth. In the letter to the President of the Royal Sodety I 
named these aggrqfations fringes; and, in iaet, they resemble long fringes composed 
of threads, the threads being represented by the individual, nearly vertleal streamers, 
or lengthened narrow straight pencils of rays of light. The length of these filled ste- 
I'eometnr spares, at rij^ht ang'les to tlie iiiaf,'netic meridian, is often very many miles, 
extending over head, when they come to the zenith, from the east to the west horizon, 
cdthough they uru iroqueutly cut biiurt in this dimension. Their depth in a nearly 
vertical direcUon, or more properly in the plane of the magnetic dip, is determined 
by the length of the indii^nal strMmers that fill them. This length of the streanmrs 
aeems to vary considerably; as some of die arches at about 46* elevation may be seen 
about 20° broad from north to south, and others 30° and upwards. The streamers 
in the same space, too, are not equal in leng^th among" themselves, their inequality in 
this respect causin:;^ the jugged appearance uf the north and soutli edges of the arches: 
but in this respect also there are great difierences, the edges of some arciies, especially 
on Tcry calm evenings, being even and regnlarly defined. The thickness of the filled 
spaces firom north to souUi appears to be always much less than thdr depth in the 
phme of the magnetie dip. Tills thickness from north to sr)uth is clearly seen when 
the meteor comes into that plane, in it.s progress southward. When there, an arch 
that at 45° elevation may have been 20' or 30^ broad from north to south, generally 
appears no broader than 4^ or 6", or even than 2° or 3° in some cases*. It is the re- 
gular southward progress of the meteor that gives opportunity for the determination 
of the depth and thickness of the spaces filled with streamers. When the meteor is 
considerably to tlie north, its depth is more or less directly se«a ; when in the plane 
of the dip, its thickness from north to south b seen ; and when in that statkm, also, 

* Forskegtiaie, IludnotalMerviedKNin. in thepluMof tlw dip, Imader dun about Himmummhm 

stated ; but in later yean I have witne9«ed some Tcr\- conjidfrably broader. TTiisc are, hmpcffr. ROC «f 
fmpioxt oooomaoe, ud pmeiit • like imngoBeitt aod pragieu with tbe aurower zoqm. 
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iu progress southwards is seen to be occasioaed by the extinction of streamers at its 
nortbeni and the fomatiaa of new ones at tbe Bontbera fiuse; and when it pio- 
oeeds further eooth Aan the plane of the dip, its depth comes agAia more or le« 

rcctly into view. It is obvious that the stereometric spaces thus filled with streamem^ 
wlion of considerable longtli from etist to west, nerP!5sarily present to the eye the ap- 
pearance of urclies of light ; but the peculiar direction of the streamers gives to the 
arch, when in the plane of the dip, u very different aspect from what it has in a more 
northerly or southerly position. I have so frequently seen the northerly arch pass 
into the plane of the magnetic dip, and assume there a very different appearance, ss 
to leave no room for the suggestion in the Instructions** of tbe British AssocMoo, 
that tlie arches in the two podtaons may 1>e of diffisrent origin. 

We are now prepared to make «?ome obsen'ations on M. Arago's reference to "bi- 
niinous columns projected from different point?^ of the arch." Snrh an appearance 
is often seen, that is, luminous columns seeming to spring out of a lower and regular 
arch ; but it is only seeming ; for the columns belong to another arch composed of 
fewer streamen, more near the place of the oheerrer, ai^ therefore seen at a higher 
angle of elevation. This is discovered when hoth the appcarsnecs come southward 
towards the plane of tlie magnetic dip. Then the columns are seen to be advanced 
southward of the arch; and there is observed an interval, frecjuently a wide one, 
clear of lights, between the two appearances. The space occupied by tfie ffihrrruis 
{streamers) may become more densely crowded with additional streanicrs in its 
onward progress, in which case it will become a well-defined arch, before it reach the 
]dane of the dtp ; or the streamers may not increase in number, yet, when it gets into 
that plane, it will be seen as one of those fodily lighted belts composed of few 
streamers which I have recently described. I have so frequently seen one or other 
of these results, in the case of columns seemiti;: to project from a lower arch, as to 
leave no doubt that the appeat ance was an optical illusioo, and that the columns were 
much nearer tbe eye than the arch. 

I trust it will be admitted, that we are now able to decide, under what conditiooB 
of its ^pearance, we shall effect a satisfoctory geometrical measuremoitxtf the height 
<^the anroni above the earth. No measurement of this kind, it is obvious, can be 
obtained, as M. Arago justly observes in the passage I have referred to, by taking 
elevations of the centre of the cupola, or corona, when tlie meteor is in the plane of 
the magnetic dip. When the meteor is there, each observer sees a centre peculiar to 
bis own station, and which is in the line of the upper prolongation of the dipping 
needle ; just as in a row of persons placed under tiic key-stones of a bridge of ma- 
sonry, each one sees a joint of the masonry vertical to himsdf, and different from the 
joints over the others. But, as in tbe case of the bridge, when we remove ourselves 
quite from beneath it, and to some distance from i^ we can then easily determine 
the height of either the upper or lower parts of the key-stones. T>y means of a eom- 
bioation of parallaxes, so we may in like manner measure the heiglit of an arcb^ or 
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fringe, of aurora, which is placed cout»tderably to tiie northward or southM^ard of the 
Stations we may seleet for determiiuog tbe elevatioiis. 

But in the case of the aurora there are seriont impediments to the proce«» in the 
geoerally fitfiil wnteadiness of tbe objeet, and eqnally fitfol impilarity of its edges. 

To avoid the latter incoDvenience, the British Association direct tbe angles of eleva- 
tion to be taken at the lo^rer edge of the arch (which, it is saic!, is fi)u-ays best de- 
fined) at its summit. I have nut observed this edge better delined than the other, 
excepting on the occurrence of a darii iixms under the luminous space, which some- 
times takes place, as stated in tbe inatractions. On snch occanons, however, the 
lower edge of tbe luminous space is always oomparattvely law, and thoefore no clear 
parallax could be obtained from two stations, unless tb^ were very remote from 
each other. Besides, tbe dark mass and defined lower edge are of rare occurrcmce 
here, not having^ been seen for several years. 

I have observed already, that in very calm weather the upper edge of the arches 
is sometimes well-defined ; and as that edge, generally, in the arch which first ap 
pears here In the evening, is clear from interference with Bobseqnent arches, which 
for the most-part appear only under i^ I made preparation for taking elevations of 
snch an arch from two stations, hy obtaining the favour of the Bev. HnoB WCon- 
NACH, the ficlioolma-ster of this parish, to make the observations at one of the stations. 

The stations were chosen with refeience to tbe aurora being probably immediately 
over the Coreen hills, as indicated by Mr. Minto's observations. Tbe Manse here 
answere, in this view, for one station, being by measurement 16,700 and 12,500 feet 
distant from the two nearest elevated summits of the hills respectively; the nearest of 
the two being almost oa its magnetic meridian. The other station conld iMt be 
placed at a snffident distance on the north side of tbe Manse for the river Don in« 
tervening. It was therefore placed at Ilillhead of Kingsford, on tbe magnetic meri- 
dian of the Manse, and 6810 feet distant from it towards the south. A further ex- 
tenuon of the base line in this direcliou was prevented by a rapid descent of ground, 

a Mttie beyond the sooth station, which would have placed the observer out of sight 
of tbe Coreen hills. Beside^ it was conddered inexpedient to have the stations more 
remote from each otlier, as it seemed very desii-able for the observers to meet before 

commencing- their operations, that they might, on trial, discover how nearly they 
would agree in taking the elevation of the vertpx of tbe nich of tlie aurora, an object, 
in tbe roost favourable case that they could anticipate, somewhat undefined. 

After having looked out a considerable time for a proper display of tbe meteor^ 
and allowed many to pass triiicb had not the reqniAte condition, at length, on the 
90tb of December, 18S8, a little after < p.ii., a very low complete arch, havbg a well> 
defined and i-egular upper edge, presented itself over the Coreen bills. There was a 
dead calm at tbe time, with a clear sky ; thermometer 39° Fahr. Tbe arch rose 
slowly upwards, becoming more bright, and profnising to be of some continuance. 
Mr. M'CoNNAcu and I met soon after its appearance ; and on repeated trials with two 
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•mall qaadFants vrith plummets, attached to poles for finng in the grovnd, foond we 
agreed in determining the angle of elevation of the vertex of the upper edge of the 

arch within the limits of half a degree. We then adjusted our watches to the same 
time; and Mr. M'Connach went with an assistant to Ilillhead of Kingsford, to take 
elevations at every five minutes hy the watch, while I rctQiuaed at the Mutise, to take 
elevations contemporaneously with his, aud notice and describe the appearances of 
the anrora. 

It may be best to give a brief accoimt of the saccessive appeaianoes of the arch, 

and of those of the contemporaneous phenomena, before presenting the measures of 
its I'lovations. When first seen, its lower edge was not yet above tlie northern liitis; 
hut at lialf-past six o'clock it was quite clear of the borisson at its vertex, arni ;ir that 
point was about 9° broad. The light at this time was nebulous, and equally clear in 
all its parts, with no certain display of streamera. The upper edge vanished off firow 
the brightest light within the limits of rather less than a d^rce. At the lower edge 
the vanishing off was consideiiibly broader. At 6^ 86" vm. a brilliant display of 
streamers suddenly appeared over Callievar, a detached mountain three miles due 
west of the Mansp, somewhat hijj;'her than any part of the Coreen hills ; and over that 
mountain a solitary dense cloud was formed, two or three minutes after the appearance 
of the streamers there. Iheae phenomena were quite disjoined from the arch, which 
in the mean time rose gradnally higher above the horiaon, and in place of tiie ne* 
bttlouB light began to exhibit, especially near the vertex, streamers or pencils of rays 
pointing upwards. These were not very brilliant, but quite defined. At 6'' 40% a 
few detacfii 1 \ cry brilliant streamers, wliose lower ends were concealed by the hills, 
appeared under tiie arch a little to the eastward of its vertex. These seemed to tlit 
^vith great velocity from west to east, and front east to west, and appeared and dis- 
appeared in quick snccession for about the space of five minutes. Their uppci- ends 
passed the lownr edge of the aich, but never extended so bjgh as the upper edge. 
When th^ disappeared the loww edge presented the same r^gnkri^ and gradual 
vanishirm; off of the light as before Aeir appearance. At 7^ p.m. the play of streamers 
across the arch had become somewhat more hrilliant ; and its edges remained equally 
even and well-defined as at the earlier periods, tiie upper one still maintaining its su- 
periority over the luwer in that respect. The arch was at this time about 12 broad; 
and a few veiy small clouds appeared in its west md, concealing the light at their 
places, but the edges were clear. At 7^ ft"*, although the clouds bad increased in 
number, ttiey fortned no impctttment tO the determination of the elevations ; but by 
7'' 10" the whole sky had become too much obscured to admit of longer continued 
contemporaneous observations. At 7*" '-J^'" an opening iu the clouds permitted the 
vertex of the arch to be seen, at the Mause, when it was observed to be Stiil regular 
in its edges, and to have become of higher elevation. 
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Obmmd Angular Elevatioos of the vertex at the upper edge of uu arch oi aurora 
borealis, fay the Rev. Jambs FAXQUHAMoii, at Maiue of Alfind, and cootnnporftp 
neomly by the Rev. Hvma M*Coiiiiach, at HillheBd of Kingsfbrd, on the fame 

m8|;:netie meridian with Manse of Alfoid, dtRtaat froin it in a aoatbeily direction 
6810 feet, and about 300 fieet iiigher in level. 

At Manse of Alford. At Hillhcad of KingafonL 
Angle of elevation. Angle t4 elmtknt. 
At6Mft-F.M le" . , . . 

6 50 . . . , 17i . . . . 

6 55 .... 19 ... . 

•7 0 .... 21 . . . . 

7 5 .... 22 .... 15 

7 10 arch obscured by dondi «t both Station*. 

7 25 .... 88** seenonly at Manse of Alford. 

In malcing out the calculations of the height from these data, it is obvious that we 
may disr^ard the corrections fur the rotundity of the earth, the difference of refrac- 
tion at the two stations, and tlic did'erence of the horizontal and inclined distances 
of the stations, as tliey arc all within the limits of the etiect of the probable errors in 
observing a sooiewhuC undefined object like the edge of the arch. But tliere is a 
considerable correction to be made in the angle olwerved at the Uillhead of Kings- 
ford station, aiiring from its height above the level of Manse of Alford. Several 
years ago I had oocasion to determine this, and found it about 300 feet by the baro» 
meter. This correction and the mode of calculation will become evident by means 
of the following diagram, which represents the first oontempMaoeoos observations at 
seven o'clock. 




B 6RI0 f. A. M«nic. 



Calculating from these data, we have the hcisrht D E = 5693 feet. 

Thus the height of the upper edge of the uurura was 5693 feet above the level of 
the Manse of Alford. The vertex of the arch is found from these observations to 
have been 14881 feet northward of tbe same place, that is, over the nearest snmmits 
of the Coreen hills, two of which, it has been stated, are respecti v ely 1 2500 and 15700 
feet distant in the same direction. The most continuously elevated ridge of the 
same hill«; is about two miles larther north, and it was probably over it that the 
arch had its coniinencement. 

At the time of the contemporaneous observations, whose results are given, the 

* Mr. M'GoNKACB did not reach Hillhead of Kingsford to get obaervwtion* before seren o'clock. 
MOCGCXXXIX. 9 O 
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■reh waa 18* broad. This gives by calealation 8S12 fett for tbe vertical exteuim 
of the fringe of strcuinci s, and Iflaves 3481 feel Ibr the height of the lover edge abofe 

the level of Alford. The tops of the Corecn hills arc about 1000 feet higher than 
that level; and thus the lower edtr<^ of thr arch, whose elevation was lueaaured, vm 
only about 1500 feet above these bills at tiicir higbetit points. 

The result of this measurement agrees sufficiently with that of incidentally contenu 
poraneotn observalioiiB made by the Rer. Jambs Paull of TVllynessle and on the 
30feh of December, 1^9, as reported by me in a oommnnication to the Royal So- 
ciety, bononred with a fklace in the Philosophical Transactions of 1830*, and by 
which it appeared the aurora of that evening was within the hm\t< of 4000 feet above 
the earth. These observations, althotiorh not made with instruiueutij, were too deci- 
sive in all their conditions of tbe length of base line, clearness of parallax, and cer- 
taloty that we bad both seen the same phenomenon, to adndt of donbt of the very 
limited ehsvation above the earth. Tbe resalt agrees also with the ingenioos obser* 
vation of Mr. Mimto^ and with that which might have hma conrndered dedsive of the 
question, namely, the observation of Captain Parry and Lieatenants Smnaa sod 
Ross, on the 27th of January, 1885, d the light of the aurora coming between them 
and a neighboaring height. 

Jambs Farquharson. 

jiifard, JH«9 13, 1899. 

P.S. I delayed makins: this Report, in exj>ectation of finding other opportunities of 
making similar measurements, with the view of determining the variations of height 
to which the aurora is liable. My former conuuuuicatiuns upon tbe subject went to 
show that tbe hdght is dependent on that of the clouds, an infierence which it will be 
observed is strengthened by some things contained in this Report. There have been 
many displays cf aurora since the 20th of December last, but none that I have seen 
having the necessary conditions for obtaining a just mcasnrcment of the height; and 
as tbe ordinary season of its appearance is now over, I do not longer withhold tbe 
Report. 

* pp. 104. 105. 106. 
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XVII. On the Constitution of the Resitu. Part II. Bi/ Jamrs F. W. Johnston, Esq. 
Mji^ F.RJS^ Prqfutor ^ Qmn^ouiMmerdx^ in the Umvernty i^ Durham, 

Reedfcd M«j »i^It«vl Jww 9D. USS. 

111. The Herin qf Gaining, or Gtnnrnt Outt. 

The medioal and eomtnercial values of the several varieties of gamboge \r]iich occar 
as articles of commerce in the European markets, and their botanical origin, have 
lately been investigated by Dr. Cubistison*. He foaud tbe differeut varieties to 
contain respectively 
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The resin of gamboge is soluble in alcohol, and largely in ether ; and so far as ex- 
periments go may be obtained hv either solvent free from the foreign substances 
with which it is mixed in the resm of commerce. Like many of the other resius^acid 
as well as basic, it retains with considerable obstinacy the last traces of thew sol- 
ventBf and requiree the prolonged action of a temperature above that of complete 
fusion fully to ocpel them. 

1. 5'32 grains of the resin precipitated by water from its solution in alcohol, dried 
and fused at 212° Fahr., gave (' = 13-98, and 11 = .■l':»2 grains. 

2. 6'685 grains of tlif sr' h -:ivp T = l/ GI, and II — l ^S grains. 

3. 7*675 grains of the resin olitained by evaporating tbe ethereal bolutiou and pro- 
longed heating, gave C = 20-U60, and 11 = 5*04 grains. 

4. 6*235 grains of the same heated to 350^ Fabr., gave C = S1'640, and H = 6'365 
grains. 

5. To be certun that alcohol and ether were absent, the resin was dissolved in 
caustic potash, precipitated l)y muriatic acid, wa.shed r.vivd, and fused at 350° Faril 
In this state it fused les« readily, and was of a rinrk. i i dlour. 

13*146 grains gave C = 3A 41V2, and 11 — .^ 67 gnuns. 
* ProC4;cUmga of Ute Royal Society of Edinburgh. March 7, 1&36. 

2o3 
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ThttB results give per cenl. rapectively, 









luuAndAMiaa 










Cftrbon . . 

Hyclrui;en 
Oxygen . . 


72'662 

7-352 


7S'769 

7-3fi3 
19-874 


79*880 

7-296 
20-424 


79-668 

7-225 
20-351 


72-406 

7-243 
20-351 




100 


100 


100 


100 


100 



It is difficult to arrive at a satis&ctory condiuioii ia regard to the trae formiilB 

for this acid resin. 

The results of analysis approacli exceediagly near to the beautifully siuiple for- 
mula Cj O, or Og, which gives 

<;>fw|f ifc f .i, it. | — i-.*..* 

mt 862-196 B 73-650 72763 
Hj ss 37-438 = 7-205 7 363 

0| = 100*000 = 19-246 19-874 

619-623 100 100 

Tbis formula is further inter^ting, because of the close relation it would ettaUiib 
between oil of turpentine and its resin, and that of gamboge i since 

Oil of turpentine. 

Hie feet, however, that in all the analyses there is a constant deficiency oif caihea 
to the amount of nearly one per cent., renders the formula suspicious. It is trae that 
tiie gambodic acid has a strong affinity or attraction for ether and alcohol, and tint 
a certain quantity of these substances may have hi'vn proscnt in some of the speci- 
mens analysed ; yet it would be necessary to suppose a much larger admixture of 
them than seeius possible, in order to account for so great a diminution in the per 
centage of carbon. Neither can we admit the presence ^ these substmces in the 
resin after solution in potash, though the carbon in this also is consiflerably less than 
the formula requires. 

In order to determine whether a still higher temperature than 350° Faur. would 
drive off a further portion of alcohol from the resin precipitated from its solution by 
water, I heated it to 400" -|- Fahr., when it ceased to emit its agreeable fragrant odour, 
gave off white vapours, and became slightly darker in colour. In this state 11*38 
grains gave C = 30*23, H = 6'73 grains, or per cent.. 

Carbon s 73*791 
Hydrogm as 0*601 
Oxygen s 21*608 

100 
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The carbon here is sufficiently great, but there is much too little hydrogen for the 
formuia (C^^ O), to which this resia seems so cluisely to approximate. 

After ftiskm at this tempemtnv^ hoveTer, the gaiiilMidio aekl was no longer wholly 
solabltt in alcoliol, nearly one half ci its balk being left behind in the fonn of a yellov 
powderirben digested in this liquid. This powder was collected, washed with al- 
cohol, and heated for a long time at 212^ + Fahr. previous to analysis. At 400°Fahr. 
it undei^oes no apparent change; at 500° Fahr. it becomes brown, and gradually 
darkens, but does not melt. 7*30 grains gave C = lb-93, and U = 4*62, or percent.. 



fiiperimflot. Otleidated. 

Carbon = 71 703 72033 

Hydrogen = 7 031 6762 

Oxygen = 3 1 '266 2 1 '205 

100 100 



This result agrees with the formula Q,« according to which the second co- 

lumn is calculatccl. 

The formula which most nearly represents the result of experiments on the un- 
changed resin is C^^ Hj, O^o- This gives 

per cent. 

C48 = 3668-976 = 72-929 
H29 = 36r;)0H = 7-!^'3 
0|o = 1000-000 = 19-878 

in whic h there is an allowance for loss of carbon and for a similar slight excess of 
hydrogen in the results of analysis, being the directions in which errors are likely to 
occur. 

It is satisfhctoiily ascertained, however, that Che gamboge of commerce, as we have 
found reason to condude is the case with dragon's Mood, undergoes a process of ma- 
nu&etare before it is brought to market. Like the reed dragon's blood, it has all the 
appearance of having been fused and moulded into shapes; the effect of «uch fusion 
in tlie ca.se of the red resin is, as we have seen*, to diminish the amount of carbon 
about one per cent., and if we suppose a similar change produced on the gamboge, the 
deficiency of carbon in the analysts will be snfteiently accounted for. The likelihood 
of an analogous change in the two resins is the greater, as they belong apparently to 
a kindred group, the several members of which are rdated almost as closely as mastic 
and colophony. On comjianng the quantity of hydrogen found by analysis with that 
given by the formula Cj , IT , O., 7-20r) per cent wp find them approach so closely 
as scarcely to allow foi tlw nf ('^>^rlry errors of experiment, but in the reed dragon's 
blood there was a similar dcticicncy, ho tiiat until we have the opportunity of analysing 
the gamboge redn as it issues from the tree, we might adopt the formula to which 
the results appear to point. There is an analogy, however, in &vour of the formula 

* Seepi^ lS4«ftittfc«Kai|vabnM. 
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C40 H23 coDtaiiuQg one equivalent lens of hydrogen, which ii not onirordiy <rf 
attention. Wiien beated above 4(Mf Fahb. we have leem that this resin is partiy 
changed into a oeariy ineolnble rarin s Cw 0^ that it 

In liice manner mastic resin when so heated is in part qhanged into C^^ Ha« 0$, that is 

it i8 reiLsoiiublc to suppose that the nature of the change which takes place is the 
same in both ; and though I do not consider, notwithstanding the prccanttons adopted, 
that the namber of atoms of hjrdragen in any of the formulse I have given for the re- 
sins can be considered tAsokUefy cerimn, yet there being a reasonable probability 
that mastic resin A, is represented by C40 H3, O4, there is reason from the preseat 
analogy to inf«T that gamboge resin is Cj,, IL, O^. 

One int* 1 cstiiif,' and important fact niiiy be considered as established, whichever of 
these furinuliu be adopted, that a small change in the number of atoms of hydrogen 
only, may give birth to neir rasins possessed of very difierent properties. We have 
for example 

Colophony = C40 H30 Q| Uebig'. 
Mastic A. bCmH^iOa 
represented generally by 

the resin of which 

Cw Hjt O4 is the formula, bdng undetermined. 

And v'f hue also 

Resin ot dragon's blood = C^^ H21 Og 
Resin of gamboge Og i 

And the general formula 

may represent a second large group, of which, as in tlie Snrmer, only two members aie 
as yet determined. 

In the present stage of our inquiry it would he premature to dwell on theoretical 
mdicaiions as to what we may hereafter expect to meet with, but it may be retnarked 
that 1^132 and 1124 s^em to point to a series, of which H^i, H^g and are members, 
and which may respectively form the starting-pohits as it were, of new groups. 

SaUs OamboUc Add, 

GomAodiales tfPotadk and Soda. — ^The salts of the alkaline metals may be formed 

by dissolving or digesting the acid in solutions of the caustic alkalies. In strong so> 
lutions the salt is very sparingly soluble, so that by digesting the acid in such solu- 
tioD, the compounds may easily be obtained in a solid state. In colour they are some- 
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what darker titan the pure resin, and very soluble in pure water, giving reddisb- 
brown wlDtioiiB, and tbongfa more sparingly, yet atiU largely soloble in dcdlMrf. 
Thejr an decomposed by tiie dilute minefal acidi, which preeipitate the add from its 
aaline solutions unchanged, and in the form of a {)n1e vxllov bulky powder. 

Gambodiate of Ammonia. — Gambodic acid dissolves slowly in dilute caustic am- 
monia, giving- a hrownish-red solution. The solution is most readily obtained by 
adding caustic ammonia to the uicoholic solution of the acid, diluting hirg-ely with 
water and distilling or boiling off the alcohol and excess of ammonia. Evaporated 
to drjnest at a temperatoce 1>dow 912* FAiia.,it leaves a brittle leeinoiis mass havfaig 
the ooloar of the add. Instead of tiie fkagraat smeD of the redn, tiowerer, it has 
assumed a faint unpleasant animal odour. It is insoluble in pure water, but dissolves 
on the addition of a little caustir ammonia. It dissolves also in nlrnho^ and is de- 
composed by the mineral acids. Boiled in a solntion of caustir potash, ammonia is 
evolved and a salt of potash formed. Its solution in water precipitates the auimoniu 
aitiate of silrw and the anunonia aedate of lead (PAy»«*s salt) of a ydlow ooiour, 
and the ammonia sulphate of copper of a dark-rediUsfa^rown. 

Earthy omdMHaiUc Salts. — On these suits I have made many experiments with re- 
sults in some cases sufficiently discordant, and which led me at first to consider that 
the equivalent of this l esin should be represented by (C-oH,^ 0,0), instead of (C^oIIrjOg), 
as the analysis oi the resin appears to indicate. 1 am now inclined, howpvpr, to 
adopt the formula containing C^, as entering into the expression for the gambudiates, 
and to attribute the observed diflerenoes between experiment and calcnlation to the 
diliicnlty of obtdntng these as well as other rednoas eompoonds in a perfectly pure 
state, especially free from mutual admixture. To this condusion I am further led 
by the study of the salts of mastic resin A, of which an aocount has already been 
given. 

Properties of the Earthy and Metallic GamltodnUes. — I. When fresh prepared from 
alcoholic solutions these salts are yellow, slightly soluble in aloobolj and insolable in 
water. Whm first preci{ntated ftom solntions of chloride of calciaro and nitrate of 
strontia, by means of ammonia, tiiey are of a bcantifiil red, but by standing Itiey sub- 
side yellow. PreciiMtated frmn ammonbcal ofmeem solntions, tlM^ are brownish or 
brownisb-red. 

2. Collected on the filter aftei precipitation from alcoliolic solutions, washed with 
alcohol, and dried by pressure on bibulous paper, they are in the form of a beautiful 
yeUow powder, hi wych state they remain, if dried 1^ a very gende heat in the open 
air, raised after a snfficient time to 91S" Fahb. If immediately on bdng dried by 
pressare as much as possible between folds of paper, tl } ai e exposed to a heat of 
upv^Tirds of 100" Fahh , they melt, and run into a thin liquid, which on cooling solidi- 
fies into a red brittle rcsii], jtrivintr a yellow powder. This property, which is common 
to these with the 8alt« of many other resins, appears to indicate a combination of the 
salts irith alcohol, from the hut portions cf which, like the resins themselves, they 
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are with difficulty separated. They may be healed, h<nrever, to 350^ or 400° Fahk.. 
without deoompontion, emitting only the fragrant odoar eharacteristic of the gam- 
bodic acid itself. At or under this temperature th^ melt, those of the earths ex- 
cepted, and on cooling assume the appearance of a reddish-brown resin, not unlike 

the acid, and like it giving a beautiful yellow powder. At a higher temperature they 
are decomposed, giving off empyreumatic products. Tlic &«ilt of silver is discoloured 
by exposure to the air, and when dry is of a dirty-dark-green. They are all decom- 
poeed by boiling b acetic and dilate nitric acids. 

I liad spent much time in preparing these salts by means of alcoholic sdntions, 
before I discovered that the resin possesses a property which eniddsans to prepare very 
many of its salts from aqueous soItitioniJ. The g-ambodiate of ammcmia being soluble 
in dilute ammonia, and not precipitable by water, it is sufficient to add caustic ammonia 
to an alcoholic solution of the resin, and to diiute with water, when the addition of 
an ammoniacal solution of magnesia, oxide of manganese, oxide of copper, oxide of 
sine, acetate of lead, or of any other oxide soluble in caustic ammonia, causes a pre> 
cipitatc of the correspoiMling gambodiate of a brownisb^vd colour. By washing with 
dilute ammonia these may be obtained in a state of comparative purity*. Analogous 
compounds may be formed by addifig; an alcoholic solution of the resin to similar so- 
lutions of tlie metaUic salts with or without the addition of ammonia. 

A. Salt^ of Lead. — 1. When a solution of the resiu inalcoliul is mixed with one of 
acetate of lead, a yellow precipitate falls. Washed with alcobcd and dried 

per cent. 

a. At 212- Fahh., 11-425 grs. gave 2 22 4 oxide of lead = 19-466 

A. After fusion, at 370° Fahr., IM-O.'i grs. gave 2j8 oxide oflead = 19-80 

A second portion tiirowu down Iroui a solution in which a large excess of resin 
was present gaye only 1 7*36 per cent, of oxide. A teaquisalt = 3 (C40 11^ O,^ 
+ 2 Fb O, coutaltts 18*33 per cent, of oxide, and it will be recollected that mastic 
rerin A. in similar circumstances gave also a sesqutsalt'l*. 

2. To the mixed solutions as above, after the precipitate was separated, caustic am- 
monia was added with agitation. The new precipitate was also yellow, but when 
washed and dried !4-74 prs tfuve only 2-046, or 13 88 per cent, of oxide of lead. 
This agrees with the fui uiula O -j- 2 (C^q H^j (\) which contains i4'40 per cent, 
of oxide, though it is not easy to understand why a biaah should be thrown down 
when the solution is rendered more neutral by the addition of amm^Mua. 

3. An ammoniacal solution of the resin was diluted with water, and a solution of 
Paven's ammoniacal subacetate of lead was a<lded to it. A yellow precipitate fell 
which \viL< collected, carefully washed, and dried at 212° Fahr. At a low heat it took 
fire and burned like tinder, without melting. 

* TY-h pmyx^rty readtn pinboge of giat Tthie far e:^aiBeiital iUmt^^ of the pro|iertin «f tbe loim 
in the CUu-room. 
t Vid.lmtt.^l94. 
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10*733 gra. left 5*384 gra. of oxide of lead = 49*23 1 per cent. This indiciitei three 
of base to ooe of acid ; the formula S Pb O -|- {C^ H^Os) requiring ftO^ per cent. ; 
and thia tribaatc salt is preciady the analogae of the tribmie acetate firom which it is 

formed. 

After being digested in acetic acid, and aguiu washed and dried, this salt lost tivc- 
sixths of it6 base, becoming a 6/salt. Thus 1 1066 grains left 1*635 of oxide of lead 
s H-777 per cent ; the formnla, as already stated, requiring 14 40 per cent. That 
an acid salt should be formed under these cireumstances is what we should expect ; 
but whether a Msalt is the constant result I have not determined. 

B. Salts of Copper. — 1. A dilute ammoniacal solution of the resin in water was 
mixed with one of ammoniaco-sulphate of copper ; a brownish-yellow precipitate felly 
which was washed vrith dilute ammonia, and dried at 212° Fahr. 

ir037 binned in the air left 1197 Cu = 10-845 percent. 
i;M3.j of auotbcr portion left l-JO Cii = 10-405 percent. 

A portion of the dry salt, after boiling in dilute auimooia, still left 10*994 per cent, 
of oxide. 

These results indicate a neutral salt, the fonnnh Cn + (C4Q H^Ob) requiring 10*68 

per cent, of oxide of copper*. 

2. A further portion of the salt was prepared by adding the ammoniacal resin to a 
solution of common sulphate of copper: and. as this rniirl't rontain excess of oxide, 
one portion of it was digested while moist in hot dilute uinnioniu. When dried it left 
in two experiments 18*951 and 18*830 of oxide per cent, respectively. Another por- 
tion was boiled in strong caustic ammonia, by which, as appeared from the colour of 
tbe solution, a portion of the add was lalcen up. Washed, dried, and burned, it left 
] 4*666 per cent, of Oxide of copper. 

The former result agrees with 2 Cu + (C40 Og), which requires 19*31 per cent, 
of oxide. 

The latter agrees with 3 Cu -j- 2 (C40 O^, which requires 15*21 per cent, of 
oxide. 

It it impossible, however, without several repetitions of these experiments, to say 
that these coincidences are more than accidental, though from analogy it appears 
probable that such compounds do exist. Above all, their true nature can only be 
Icnown by the ultimate analysis of tlie salts, — a work of great labour, but which I do 
not des|)air of being- able to nndertake. Hy varying the mode of preparation I ob- 
tained a uupper salt by direct precipitation, containing 14*824 per cent, of oxide, 
agreei ng with one of those just described. But if the three classn of sails above ob> 
tained be constant and definite, the circumstances under which th^ may be formed 
without failure requires further study. 

C. Salts 0/ Zmc— The gambodiate of sine is obtained by mixing the ammonuwal 

* The equnlcnt of oiidi of copper htaaf 495*695. 
UDCCCXXXIX. *i P 
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resin with a tolutioii of line in anunonia, or with an anunoDiaeal solution of salpbaie 
of sine It is of a brownish-yellonr colour If the solution be too largely diluted witb 

water, an excess of oxide of zinc is apt to be thrown down alon^;: with the salt. Thws 
the first portion I prepared c:ave ino 1417 per ceut. of oxide of zinc, while another 
pre|>are(l witb mure care gave me in two experiments 11-242 and 1 0 9/ G per cent. 
KSpecUTely. A neutral aah s Zn O + (C40 Uzi contdns 10*88 per cent, oxide 
of line. 

D. Salts of Lime, Stfontia, and Magnesia.'— a. To alcoholic solutions of chloride 
of calcium and of nitrate of strontia, ammonia was added, and afterwards a solution 
of garabodic acid in alcohol. 'Hie fornier cave an a!)iindant, the latter a very 
sparing precipitate. The mixed solutionb ut lu st became of a beautiful red colour, 
but the precipitate, as it fell, gradually a&buuied a mure yellow shade. VViuihed with- 
out access of air, and dried at 300^, the Kme salt gave in two experiments 6*110 and 
6*193 per cent, of lime i the strontia salt gave 9*877 per cent, of strontia. 

If these results are to he depended upon, they in<Kcate a Mtr^aiselt in both cases ; 
since 

Ok + 1^ (C^t Usi Ob) contains 5*72 per cent, of lime, 

and 

Sr 4- 14 I la Og) contains 9 4a per cent, of strontia. 

b. The ammoniacal resin in water gives, with ammoniarat sulphate of magnesia, a 
copious precipitate, which, dried and burned, yielded 4 542 and 4*681 per cent of 
magnesia, which, however, is not rcconcileable to any formula. 

£. Salts 1^ Siiver, — I. Newly precipitated oxide of stiver, digested in gamliodic 
acid in alcohol, gave a dark^brown salt, which fused at 86<f Fahr » and of which, when 
burned, 20-335 grains left 5-46 of silver = 28-/62 per cent, of oxide. A neutral salt, 
Ag O + (C40 H23 Og), contains 2')'9 i |)cr cent., to which the sair above obtained ap- 
proximates. It will be readily understood that very careful a^'itution wunhl be re- 
quired to bring all the particles of the oxide introduced in the state of powder into 
contact with the resin held in solution, and that an excess of silver is to be expected 
in a salt prepared by such a process. 

3. When an alcoholic solution of the resin is poured into a similar solution of ni- 
trate of silver, no precipitate falls ; but if the mixture be allowed to stand for some 
time, the inside of the glass ves<«el becomes covered with a coatiufr of metallic silver, 
and a small quantity of a black powder gradually falls to the bottom. The same 
effect follows if the resin of dragon's blood be used, and in a still more marked manner 
with the pure resin of guaiacura. If ammonia be added, a yellow precipitate &lls, 
which is speedily dtsoolonred by the air, and ultimately becomes dark-green. Oire- 
fully dried, 

1 

6'SM grains left 1*00 grain of silver = 15*475 per cent, of oxide of silver. 
7*766 grains left M46 grains of silver = 15*848 per cent, of oxide of silver. 
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These results inclicate tlie format ton, as was the case with mastic resin A*, of a bi- 
sait, containing nho, like the salt of that resin, a small excess of silrer. The formula 
Ag O + 2 (C40 H23 O^) requires UiN> p«r cent of oxide itf lalver. 

9. Into an aqueous solotion of ammonia nitrate of silver, an ammoniacal solotion 
of gambodic acid was slowly poured with agitation, a yellow precipitate began tofiill, 
which re-<lissolved on a further addition of the resin, and mtis a^-^ain tlirown down on 
adding anitt^oniaral nitrate of silver. The yellow precipitate gradually collected into 
brown flocks, and fortued a brown coherent sediment, leaving the supernatant 
liquid of a pale yellow colour. The precipitate was well washed with distilled water, 
e«^lected on the filter, and dried at 250° FAHa.^ till at that temperature it dfaased to 
soften. 

13*17 grains burned in the air left 1-17 of metallic silver, or9'64 p«r cent, of oxide. 

7-866 grains left 0-72'> of silver = 9 DO per cent, of oxide. 

A salt consisting of three t<juivalents of acid to one of ba.sc, or Ag O -\- 'A > C;,q 0„), 
contains 10'22 of oxide of silver. We may safely consider the couipuund prepared 
by this method, therefore, as a tavah, the eaoess of ammonia present probably re- 
tdnhig the nlver in solntion, so as to inevent its forminf^ a more basic combination. 
It is not unlikely that by varying the process a 6/salt might be obt^ned from aqoeons 
solntloDS similar to that which was given by alcoholic solutions. 

Constitution of the Salts of Gamhodic Add. 

Of the salts above described I have subjected to ultimate analysis only the Aisalt 
of - silver, obtained by mixing the alcohdic sdations of the rerin and of nitrate of 
silver, and adding ammonia. This salt contained 16-88 per cent of oxide of silver, 
and when bnmed with oxide of copper, 

8-19 grains gave C = 18 02, and H = 4 47. 

7*60 grains gave C as 16*876, and H = 411 . 



These results are equal to 

A. B. Calculated. 

Carbon as 60 954 = 61-40 61-51 

Hydrogen = 6*065 = 6*00 5*77 

Oxygen as 17-008 s 1679 17*82 

Oxide of silver = 15-883 = i.'iSB 14-90 



100 100 100 



The numbers in the Uiird colunn are calculated aocordiag to tbeformuhn AgO + 2 

II.2|0|), and to these numbere the experimental results approximate very closely. 
Like the similar analyses of the salts of mastic resin A-f*, these show that in combining 
with oxides the gambodic acid does not part with tlip el( ?nents of water. They are 
opposed, however, to the view suggested by the constitution of some of llie salts of 

« Ante. p. 126. f Ante. p. ia$. 

2 V -I 
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that resin, that the metal replaces an ecjiial number of equivalents of hydrogen when 
it combines witb the ntSn ; and they support rather tbe other view, which would re- 
present the nornial state of tbe add resin to be that in which it exists when in a state 
of combination, and that the hydrogen contained in tlicir suits of the inetallic oxides 
is the true quantity which enters into the composition of these bodies. 



Conclusions. — From the preceding investigation it appears, 

1. That the most probable formula for gamboge resin is though all the 
specimens analysed yitM too little carbon by nearly one per cent. This deficiency is 
snppoeed to be dae to a change produced during ^he preparation of the natural resin 

for the market. 

2. When hcattd to iiboiit 100° Fahr. it undergoes partial decomposition, a resin 
soluble in cold alcohol l)oiiig formed, and another insoluble in that liquid. The con- 
stitution of tbe latter seems to be represented by 0.j. 

3. It forms with the metallic oxides numerous classes of salts, the existenoe and 
constitution of which the preceding experiments most be considered as only rendering 
probable. A complete study of the rednous salts, and of the circumstances under 
which the several classes of them are necessarily formed, though it would involve 
much labour, would probably lead to interesting results. The various saline com- 
pounds obtained m above described may be classed as follows, representing the ibr- 

mnla C|o Og by G. 







Oxide prr ccnL 






Found, ralcutalcd. 


t-JWlt ... 


A«0+«6 


MS 

lf-47 


u-w 




PbO ^ + 20 


U-77 


14-40 




zno^ 


19-46 


18-32 


4. fftutfid *.. 


2C»0 ? + 3G 
2 Sr 0 J 
AgOT 


6119 
9-87 
2«-76 


5-72 
9-43 
2S'9i 




Cu 0 / + G 

Zii o J 


10-8t 
10-97 


10-68 
1083 




iCuO + 20 


U-66 


ia-21 




2CuO-t- G 


I8-9S 


19-31 




ino+6 


49-23 


50-23 



■hnb 



By mixing maoaiHll IfM 

Mixiug alcohoUe I 

By digriiing in <Ulul« M«tlc Mid, til* ult 
•qiMlHii MlBtiim. 

M tkft ifMte 111 ilooM irib MwlMt oitmA'm 



Mixing the reiin with chloride of calcium in alcohul, and 
Mixing the reiin witb nitrate of (trootia in alcohol, and aiUblgl 
Digesting the resin on fresh preci|Nt«te>l oxiile uf lilvcr. 

From ammoniacal uilphate of copper hy resin in dilute ammonia. 
From ammonia4:al sal]>balc uf /.iin^ hy re^'iu in ililuic Kiutiujiiia- 

r 

Boiling the faali |— cipitrtri CttO G in ooaoentntcd caustic 
Digesting ihh to kflt dhMe Ml fi l l fn^T^^tw 

Muhig unamto aealile«ClMil(trikMk!)«ttiii]wnitoii4Saile 



I cannot persuade myself tu regard this formidable list of sails without Suspicion, 
especially as several of ttieiii liave been formed only once. In detailing my results 
and observations, however, I have in some measare cleared the way for future in- 
quirers. 
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IV. Renn ef QvwKvm. 

Wben the resin of guaiacum of the shops is treated with alcohol In the cold it is 
nearly all dissolved, giving a dark-browti solution. On fvMporatiiig this solution in 
a tlat dish, and heating it for twelve hours at a temperature rising from 180° to about 
250^ Faur., a very beautiful transparent ruby-coluured resin is obtained, brittle and 
electric, rndting at 212" FARa., and emitting an agreeable fragrant odour. 

or this resin thus carefoily driedj 

A. 10*647 grs. gave C = 27*167 and H s 6*585 

B. 10^995 gis. gave C = 27-075 and H s 6*789 
these results gave per cent 

A. B. 
Carbon . = 70*555 70*35 

Hydro^n — 6*870 680 

Oxygen . = 22-575 22 85 

100 100 
and they correspond most closely with the formula Hg On which gives 

40 Carbon , = 80575 = 70*87 

23 Hydrogen = 28 /0 = 660 
10 Oxygen . = 100*00 = 23 02 

434*45 100 

This resin in a natural arrangement, therefore, must stand in the same group with 
the resins of dragon's blood and of gamboge which as we have already seen may bn 

represented by 

Hesin of dragon's blood C40 M21 

Resin of gamboge . . . C'40 lA^ Og 

Rerin of gnidacam . . C40 0|« 
S^s of Gumaam JteitR^When the stAution of this resin in alcohol is added to 
an alcoholic solution of acetate of lead in excess, a white predpitate fhlls, which be- 
comes blue on exposure to thesnn's rays*. Afker separating the preciintate, am- 
monia throws down a further portion from the supernatant liquid. I have analysed 
three successive portions of the tii-st of these compounds, which contains two cqniva* 
lents of oxide of lead to forty of carbon ; but the results are so little concordant with 
the analysis of the uncombined rerin as to render further investigation necessary. 

With nitrate of silver this resin gives no precipitate, but on standing exposed to 
the fight, the silver, in oonsidenibie quantity, is thrown down in the metallic state. 1 
have not examined what change of compositton the resln undergoes daring this de- 
oxidation of the metal. 

* A ddicate photogenic paper may be formed by int wwhing vitli u ikaihalic toihitioB of gmiacum miu. 
Mid afterwudi with one of aeotnl acetnte of lead. 



Digitized by Google 



292 MR. JOHNSTON ON THS CONBTITDTIOM OF TH£ R88IN8. 

V. .Itdroid Hcsni. {Rotanxf Buy Resin, I'cllow Gum.) 

ThU resin exudes from ttie Xanthorrhwa hnvtUh. is of n darker reddish yellow colour 
than gamboge, comes to this coaatry geueraily mixed witb the spines and bark of tbe 
tree, gives ia alcohol and etber « much darker tolation than gamboge, and a dwker 
reda wlnm enqNMWted. It emits also a pecoliar fragiaot odour when mdted, aad 
differs' further from gamboge in being alniost entirely predpitated by water from its 
solution in alcohol, even when much ammonia has lieen added. Dried im a thin film 
at 250"" Fahb. for twelve hours, 

A. 1 1-655 grs. gave C = 28*523 and H = 6 036 

B. 11-61 grs. gave U = 6'048 

and of another portion similarly heated 

C. 10-236 grs. gave C — 25*204 and H = 5*258 

Carbon .= ^7 68 W 

Hydrogen = 576 578 6707 

Oxygen .s 26*58 Se-aOS 

100 100 
And they indicate the formula Cm which by calculation gives 

40 Carbon . = 3067'480 s 67*84 

20 Hydrogen = 249*592 = 5*54 
12 Oxygen ss 1200*000 as 26'62 

100 

Tbe slight excess of oarbmi in analysis C is no doul>t an error of experiment. 

T%is resin, therefore, belongs also to the group represented by the general expres* 
sion C^o W^-, Oy^ and it contains more oaqrgea than any other resinous substuaoe 

hitherto analysed. 

General Remark. — In so fur ab we are entitled to draw general conclubion» from 
the analyses ooMaiaed in this and tbe preceding paper, it appears, 

1. That Aumy of the resins may be represented by formube eshitating tbeir ele- 
mentary couBlitation, and tbe wdght of thdr eqmvaloils in which 40 C is a constant 
quantity. 

2. That there appear to be „tc ntps in whieh tbe equivalents both of the f-irbon and 
the hydrogen are constant, the oxygen only varying, and others in which the hydrogen 
alone varies, the two other elements being constant. 

In a subsequent paper I hope to extend farther these first generalisations. 



Durham, May 2, 18S0. 
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XVIII. Oa ihe QmitUu^ of the JUrins. Part III. By Jamks R W. Johnhton, Etq, 
M^,t F.RM^ ^rofuaer iif ChtmOry and JHweralogy in the Vnwersity of Durham, 

RMciwd ioM 1 liP^lUad Jane SO, 1839. 

VI. JZenn ^ Satubraeh. 

The resin of landaraeb dissolves rmdily in alcohol, giving a yellow solation, which 
inay be obtaoned of the con^tmce cS a balsam. It dissolves without appreciable 

residue. 

If this solution be largely diluted with alcohol, a white flocky resin separates in 
small quantity, fails slowly to the bottom, and may he procured in a State of coniii- 
derabie purity by decantatioo and washing with cold alcohol. 

If to the alcoholic solution solid caastic potash, or a coacentrated solution of this 
alkali in water be added, a precipitate falls, which re-ffissolvesif the potash bepresrat 
in great excess. By adding, to a solution containing potash in excess, a solution of 
the resin as long as any precipitate falls, the whole of the resin thus separable may 
be thrown down. It may be wasfufi by affusions of hot alcohol, by which a {jortion 
of it is dissolved ; and the alcohul it holds apparently in cotnbination, may be sepa- 
rated by heating for a sufficient length of time at a temperature not exceeding '2bif 
pAtta. 

I. JRe«rn A. Sandarack^^TlM white flodcs which fall to the bottom of the solu- 
tion <^ nndarach resin in akobol, bdng collected on the filter, washed with alcohol, 
and afterwards boik'tl in water, are obtained in tiie form of a white powder, having 
neither t;ist<j nor smt'll. Dried at 212" F.\hr. this resin undergoes no chancre; but if 
the temperature be raised to about 300" Faur., it gradually assumes u yellow colour, 
and slightly coheres, bat does not mdt. If the heat be still increased, the colour be- 
ccmies brown, apparently indicatiag incipient decomposition. 

I. Of a portion of the resin thus obtained, and heated till it became yellowish, 

A. 11-1/5 grains gave C = 3170, H ss 9*86. 

B. 1 1'09S grains gave C ^ 31-315, H = 9*818, or per cent.. 



A. B. 

Carbon = 7^137 78013 

Hydrogen = 9H03 9832 

Oxygen = 11/60 12- 1 25 

100 100 
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'2* Of a portion obtained by the same method from a second quantity of the orude 
rcsin» and well washed, 

1 ] '802 grains* heated till it acquired a tinge of yellow, gave C = 33*06, H s 1 0*63, 
or, per cent.. 

Carbon = 77-456 
Hydrogen = 9913 
Oxygen = 12-631 

100 

This analysis, which only the loss of the remainder of my resin by an accident pre- 
venleti uie from reputing, agrees with the formula C^^ II;,, 0„ wliich gives 

Calcukted. By^ experiment. 

First portion. Second. 

40 Carbon = 3057- ISO = 77 ') 15 78 437 78 043 77-4r,« 

Hydrogen = 380 8G7 — 9 80« 9'803 9 S32 9-913 

Oxgen = 300000 = 12-677 11-760 12 12i 1-2-631 

3944-347 100 100 100 100 

Tlicri- ciin be little donbt, therefore, tliat the sparingly «olti!)le resin of Himdarucli 
l ontuins live of oxygen to forty of carbon; and as more cure was taken to purify by 
washing with alcohol the portion which gave the result in the last column (2.), the 
true formda Is most probably that above given, C^o H3] 0^. 

II. Regm B. of ^utioraeA.— The alcoholic solntion from which caustic potub 
ceased to throw down any precipitate was decanted, and a portion of the alcohol 
separated by distillation. It was then largely diluted with water, by wliich it was 
only sli<,'htly tronbled ; the resin was precipitated by njuriatic nrid, collectid on the 
filter, and washed by repeated affusions of hot water. After drying at 212^ Fahr. 
this resin was 10/10% dissohed Ijy comiikmi tdcoJM m tiie cold. According to Unvks* 
noaasN the resin of sandaraeh consists of three resins, one thrown down from the al- 
coholic solution of the crude resin by caustic potash, the resin C. of UNVBaoomsN 
and of the present paper, and tWO which renMUn in solution unaflfected by the potash*. 
^\'hen these mixed resins are separated from the potash by mnriatic acid, in a way 
similar to that above described, he states that boiline;^ alcohol dissolves the one ami 
K>a^ t*^ tlie other. In my experiments, as above detailed, coid aleuhui uud eold ether 
also dissolved the whole of what I supposed to contain two resins ; while from tbe 
solution of tbe crude resin, by simple dilution a predpitate fell, not noticed by Un« 
vanooaBKN, and possessing characters different from those exhibited by any of the 
three resins described by that experimenter. 

Evaporated and heatrd -.it 'ri" Fahr., as lonfr as any apparent ehan£:;i' was pro- 
duced, the alcoholic soliitiou irave a bright yellow resin, brittle when cold, but soft- 
ening at the temperature of boiling water. 

* Thojmoit'b Orguic Chnuatry. p. 529. 
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A. 10-407 strains of it in this state gave (j = 28'83, am! I I = 9-40. 

As this does not give u i'unuuia containing C^^, I exposed the resin dried iu mass 
at 212** Fahr. to a higher temperature, when it melted, and frothed up, giving off 
vapoan. To obtain it free from water and any odier volatile tubetances it might 
retain, I evaporated a <eoond portion of the alcoholic solution, and kept the rerin in 
the state of a thin film for forty-eight hoois at 200* Fahr. 

6. 10*515 grains now gave C' ss 28*58, and H = 9*395. 

Still further heated for twenty boors at 250^ Fahr., the rerin was yellow and 
brittle, and 

C. 1 1-69 grains gave C = 32 055, and U = 10*22. 
These three r«-;n!ts nro prpial rc^pfrtivt'lv to 



Dncil ill uuu» »( 


thin film. 


At 20<r for 48 hour? 


Kurtlirr 2i> hmn at 'JjH 1 mi h. 


Carbon = 76601 
Hydrogen = 10 038 
Oxygen s 13-361 


7.5 OS 
9-82 
15-10 


75-82 
9-71 
14-47 


100 


100 


100 



The analyses B. and C. agree very closdy with the formula C^g which gives 

Carbon = 75-59 

Hydrogen = 9*56 * 
Oxygen = 1485 

100 

The slight excess of carbon in tlie third analysis, if not an error of experiment, in- 
dicates that the hcatino; had been carried a little too far; while the similar excess 
both of carbon and hydrogen in the resin dried only at 212°, would imply the pre- 
sence of a volatile carbo-hydrogen, which is wholly expelled only ut ter long-coutiuued 
heating. A fiimiliar examine of the prewnceof such a volatile oonjpuund, we have in 
the assodatkm of oil of tnrpentine with common rerin ; and the fiict tbat most of the 
' resins yield on distilladon with water a volatile oil, gives ground for believing that 
the prcBPncp of substances analogous to oil of turpentine may tend more or less to 
modify or vitiate the results obtained by the analyses of resinous bodies, when sufB- 
cient precantiomi are not taken to ensure their expulsion. 

IIL Renin precipitated by CawHe Pakuh.— The precipitate thrown down by 
cansUe potash from the alcoholic solution of the sandarach of commerce, dissolved 
readily in a hot dilate solntion of caustic potash. From this solotion laigely diluted 
with water, the resin was precipitated by dilute muriatic acid, and afterwards washed 
on a filter till it ceased to render the water acid. Being then boiled in water, dried 
a? '2 ] -2", and digested with boiling alcohol, only a small quantity was taken up. The 

AlUCCCXXXIX. 2 Q 
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eolation on evaporttioii gave a pale>ydlo# reaiii which did not fnie al 350^ Farr., 
but cohered at 90ff Fauu 

A. 10-817 grs. ISRve C = 39'87&, and H = 9*60, 

As this Jirst solution was likdy to contain a portion of the more Bolable resin B. esr- 
ried down by the insoluble potasli salt, when precipitated from the solution of the 
crude resin, the undi-^solvH portion wa^ boiled in a second atui third quantity of 
alcohol. This third solution was evaponit<HJ, and the pale-yellow resin heated to 
230° Fahb. for forty-eight hours. 

B. 8-3 grs. gave C = 23' 1, and H = 7 45 



These two analyse'; are equal to 

A. n 

Carbon = 76 37 7C «J5 

Hydrogen = 985 997 

Oxygen = i;v;8 1308 

100 100 



The result of the first analysis is intermediate bet«een those obtained from resins 
A. aud B., the second which certainly represents tlie constitution of a purer form of 
the resin, approaches very nearly to the constitution of resin A. represented by the 
fommla C^o Ha, O5. 

It would appear, therefore, that one resin A. is to a certain extent solnble in an 
alcoholic stflution <tfB., bat that in some of the varieties of sandarach the quantity 
of A. actually present Is L'reater than can be thus taken up, in consequence of which 
a portion sometimes remains behind undissolved when the natui-al resin is digested 
in cold alcohol. On treating with caustic potash, however, resin A. is wholly, or more 
correctly, perhaps almost entirely thrown down along with another resin C. and a 
small adhering portion of B. On deoompotinf this potash salt, as above described, 
with muriatic acid, the mixed resins are obtained and may be separated by boiliof 
alcoliol. llesin A. and the small quantity of B. are dissolved, giving a brownish yel- 
low solution, from which on cooling, A. is in a e^reat measure precipitated. Resin V. 
remains behind of a browa colour. After boiling in distilled water it is obtained in 
the form of a grey friable mass, which l>ecomes yellowish when heated for tweuty- 
Amr honrs at Pahr., bat does not mdt. At 600° Farr. it mdts into a brawn 
■emjflqid mass* and speedily decomposes. 

IV. Resin C. of Sandarach. — ^The mixed resins obtained from the potash salt by 
muriatic acid were boiled in repeated portions of common alcohol as above described. 
The insoluble portion was, in the hot alcohol, soft, glutinous, and of a brown colour. 
It was boiled iu water, by which it was freed from alcohol, becoming hard and friable. 
Dried at 250^, it was in the state of a yellow powder. 

A. 7*044 grs. bnmed in the air left O-IH grs. of a grey residue, diiefly carbonste 
of lime, or I'6I per cent. 
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B. 8-<)7 grs. ^ve * 24-405, and M = 7 614 prs. 

C. 9 08 fjrs. gave C = 24'46, and 11 = 7 i2 grs. 

correcteti by A. tliese two analyses give 

B. C. (C,oH„0.)giye« 

Carbon 79-&9 75 53 7«-68 

Hydrogen 947 935 9^ 

Oxygen 14-94 15*12 14*80 

100 100 100 

It is remarkable, if the experiments above detail^ are to be depended upon, tbttt 
the only dilTerL-iice in constitution bctwot-n resins R, and C. consists in the presence 
in the foriuer of thirty-one, uiid in tlic latter of only thirty equivalents of hydrogen, 
while their respective solubilities in uicuhol, their fusibilities and general relations to 
heat are so very disBimilar. We know as yet too little <rf their several relations to 
other snbstances to enable as to specolate on the mode in which the elements are 
grouped in the two compounds. 



Conclusions. — The sandaracii ut commerce consists of three resinsy all of which 
possess acid properties. 

1. A = Cm 1^1 Ob a white or ydlow powder, sparingly soluble in alcobol, more so 
in boiling than In cold, melting with difficulty, and decomposing at a temperature 
little above that at which it melts, existing in sandarach only in a small proportion, 
and partly separated on treating the natnral resin with a lariro qnantity of alcoliol, 
und partly tiiroun down frotn this solution of the natural rei»in by caustic potash 
aiong with the insoluble ic^in C. 

3. Resin B s C^o H^i bright-yellow, brittle, softening at 213^ Fabu^ having 
the resinous odour of sandaraeh, dissolving largely in cold alcohol, oonstituting at 
least three-fburtlis of the natural resin, and renuuning in stdotion when A. and C. are 
precipitated by caustic potash. 

3. Resin C = C^g H30 Og a pale-yellow powder, nearly soluble in boiling alcohol, 
requiting a high temperature to melt it, and at the same time undergoing decompo- 
iiition. It exists in sandarach in much larger quantity than resin A., and is obtained 
in a pure state by decomposing with muriatic acid the precipitate thrown down by 
caustic potash, and boiling first in water and afterwards in rqieatcd portions of com- 
mon alcohol. 

I shall have occasion hereafter to desci tbe several other nearly insoluble resins, 
differing in composition from those above described, but I may here introduce the 
remark, that we arc already prepared to anticipate unlike rational formulae for the 
soluble and insoluble jenns ; since the number of atoms of oxygen contained in our 
m^fMeal formute appear to have no rdation to these propertiea of solubility and 

349 
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fosibili^. Tbii b ttrikinglj shown io the case of the resina above described, and 
there are many others in which this &ct is ecjually appanmt. 

N^nte. — Ttif disatcrcement between some of the details of the above examination of 
the resin of Sanuakach, audftin-^p of I'nvehdoubk.n, to whom we are indebted for the 
only previous methodical exaininution of a large number of the resins, is to be ascribed 
chiefly I believe to the mode in which UiivsaDOBBKif exanined the resiiiB. Being 
unable to have recourse to the altioiate analytis of the anbstancea he obtained, he 
distinguished them chiefly by their physical characteFs, which in many cases are veiy 
fidladom. It is possible, however, that different specimens of the resin may contain 
the several resins in different proportions. 

VII. liexin of the Pinus Abies or Spruce Fir, sometimes called Tfiujt, or Common 

This resin is brittle but soft, and easily scratched by the nail ; of a pale-yellow 
colour, and semi transparent. It occurs in rounded masses of various sizes, mixed 
with chips of wood. When melted in hot water and strained through a cloth, it forois 
the Burgandy {Htdi of commerce. In cold alcohol it dissolves readily, leaving a va- 
riable proportion of a second resin B. in pure white oparpio masses. This second resin 
is not insaliil)le in the cold, but only more sparingly soluble than resin A, and readily 
dissolves in hot alrohol. It «;hould therefore be washed with several affusions of eold 
alcohol, and dried by strong pressure between folds of bibulous paper. Thus obtained 
and dried it is in the form «f a white farinaceous powder, which requires a temper- 
atnre of 3<K>° + FAna. to bring it into complete fusion ; and on cooling from fusion 
it is pale-yellow, transparent, and brittle, differing little in appearance from resin A. 
after it has been similarly fused. 

I. Jiestji A. — The solution of the soluble resin was evaporated, and exposed in a 
thin film for thirty-six hours to a beat not exceeding 200° Fahh. ; it was still soft at 
that temperature, and on cooling became brittle, but did not contract and craclc. In 
this state, 

A. 12^288 grains gave C = 33*67, and H ss 10'36 grains. 

A portion of the resin thus analysed wai again heated in a thin film for eighteen 
hours at a similar temperature. It was still beautifully transparent and pale-yellow, 
and on cooling contracted and cracked ui various directions. In this state, 

B. 11*68 grains gave C 3I'9B, and 11 O-TSi- 
Another portion of the alcoholic solution was evaporated and heated aa before for 

a still longer continuance, and to a temperature a little hi^er. It began now to as- 
sume a reddish tinge on the surface, and, on cooling, the fissures which travetsed the 
yellow mass were of a beautiful red colour. Again analysed, 

C. 12>8& grains gave C = 34*083, and 1^ » 10-938. 
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These Uiree analyies are equal respectivdy to 

A. JJ, C. 

Carbon = 7^ 7^ 76 01 76*8 1 

Hydrogen = 935 929 9*21 

Oxygen = 14-89 H JO 14 48 

100 100 100 

I consider the state of the portion employed for the second analysis R. to represent 
most nearly the normal condition of the resin, and the result of this analysis agrees 
almost exactly with the fonnula C^q II^^ O^. Thus 

40 Carbon = 8057*400 s= 76 0 1 

S9Hydro(^&B 964-910 as 9*07 

6 Oxygen = 600-000 = 14*98 

4023-899 lOo" 

The resvtto the whole diree analyses are very near these calcuhLted numbers, and 
yet they Ulnstrate very distinctly what I have frequently had occasion to remark in 
the study of the resins, that we can rarely depend on the results of any one analysis, 

however catofuUy performed. To o])tain tire re?in in a normal state, free on the one 
hand from adlierini,' water, alcohol, or ether, and on the other from any carbo-liy- 
drogen or other compounds which may be present in it in it$ natural stafe, it must 
be heated for a length of time, and yet neither so long nor to so high u temperature 
as lo induce incipient decomposition. Much attention therefore is required to the 
process of heating ; and when this attention is paid, some change of appearance will 
always be observed which may be presumed to indicate decomposition ; still where 
doubt remains, or where a formula cannot l>c "Htained, a series of analyses of the 
resin, in its several srage^^ of heating or dryiuu, can alone determine what numbecH 
are to be considered as expressing most nearly its true elementary constitution. 

II. Renn B. of the Pimu Abie». — I have already stated that cold alcohol leaves 
undissolved a white opake portion, in greater or less quantity, when the natural resin 
is digested in this liquid. Ih- repeated solutions in hot alcohol, partial evaporation, 
and pressure between folds of bihnlous paper, this resin may be obtained nearly free 
from the more soluble resin A. The three portions sultjected to analysis were pre- 
pared from as many separate quantities of the natural resin, and the constancy of.tbe 
results may be considered as indieating the d^ree of confidence to be placed in the 
formula deduced from them. 

A. 12*247 gnuns heated till it was completely melted and hegan to assume a red- 
dish hu^ gave C == 34*35, and H = 10*87 grains. 

B. 11*94 grains heated only till it cohered, and was brittle when .cold, gave 
C S3767i and Hs 10*43 grains. 

C. 8*495 grains after perfect fusion gave C a 34-08, and H s 7*18 grains. 
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These nsnltt ate equal to 

A. 



B. 

78-20 

969 
12-1 1 



c. 



Carbon = 77-55 
Hydrogen = 9'40 
Oxygen sx 18*05 



78- 1 82 
9-390 
13-698 



100 



100 



100 



And they indicate the fornuilce C40 II29 Og,. which gives 



Carbon = 77^9b^ 
Hydrogen =5 9-30 UoO. 
Oxygen s W&J 



Omclvsions.— The resin of tbe jP«iir« j^biet, tberefore, (xmsisto of two acid resins, 

represented respectively by 

A = C^o H,29 Og, easily soluble in cold alcolut). fusible about 212' Fahr. 
B = C,o H3 O,, sparingly fiolnblc in cold alLuliol, fusible at H00° Fahr. 

The preiscQce of a second and crystalli/uble resin in this natural product has been 
already observed by Baup* ; and it is probable that many other of tbe resins which 
exude from trees belonging to t he pine and its kindred tribes, contaioj in like manner, 
a crystallizable resin possessed of a peculiar elementary constitution. These two 

classes of resins have hitherto been distinguished only by tbe general names of pinie 

and Mjh ic acids, tlions^h the several members of eacli class are at lea!!t n.« different in 
composition as the two resins themselves, which have been regarded as tbe types of 
each class. 

.This observation, suggested by the examination of tbe natural resin of tbe Pmm 
Abka, is confirmed by an analysis of Hbss*)', of a ciystalline resin which he obtained 
as sylvic acid, but wluch be found to be composed of Hjq O3, and for which, 
though be is unacqoidDted with the natural resin from which It was extracted, he 

has proposed tbe Tiarne of Ox^silvic. Tbis name it is obviorts would apply to the 
cry.stalline re«in 1 i\\<ii PUius abies ; it is thereforr desirable that some Other more 
general noiacuciaiure for this class of bodies sliouid be devised. 

The quantity of the crystallizable resin which they eonlain varies in difierenc por« 
tions of the natural product. Such Is the case with elemi redn, of which some spe- 
cimens dissolve completely in cold alcohol ; such is the ease with colopfamiy ; and 
such also is the case with the rc$ln above analysed. In examining a mass of the na- 
tural resin, parts of it will lie fnnnd to be Iiarder tban the rest, whiter, having a la- 
uiellar fracture, being tough and yet friable : in these portions the crystallizable cun- 

♦ Annales riilmic ct de Physique, torn. xxxi. p 108. He calls it abietic acid, and dciscribLs it oa anacid 
reain soluble in 7 a of common alcohol (8» per ccat.) at FAiia., and ciyatallixisg is (iUttdrangular platei. 
t Poawmokya AniMkii, tan. xlvi. p. 326. 
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stitucnt exists in greatest quantity. If the action of the air have any influence in 
changing the chctnical constitutioii of the nataial torpeatines aa they exnde from the 
tieee, it ii not dHfiadt to understand either haw one portion should eombine with 
five and another with six of oxygen, or how the quantity of each of these compounds 

present in any two masses should be found to be very dilTercnt. 

The solutions of both the resins of Pinm abies in alcohol gave precipitates with an 
alcoholic solution of acetate of lead, but I have not examined any of their salts. 



VIII. Ruhi of (maium, the Rwtkmeaue of the jhtmrnU, 

When the olibannm of the shops, consisting of rounded masses, differing to the 

nnpractised eye only in depth of colour, was introduced into alcohol, some pieces 
were rendered clear and transparent, while others became almost itn mediately white 
and ojjalic. from a white powdery coating left on their surface as the soluble portion 
is taken up by the tluiil. That the mixture of these two varieties had not been made 
recently, appeared from the nianner in which pieces of the diifcrent kinds cohered 
and weie oecasionaUy imbedded in each other, as if the contact had taken place while 
they were comparativdy soft. 

I. Before I perceived this difference a oonsidenible portion was already dissolved, 
I therefore filtered the solution, and evaporated n poi tion of it in a tliin film. The two 
varieties also were separated from each other, atvl covered each witli fresh alcohol. 

Of the resin obtained by evaporating the solution of the mixed varieties, 

11-236 grains gave C = 30 /2, 11 = 10 40, or per cent., 
Carbon = 75-5y = 40 atoms. 
Hydrogen = 10*28 = 32 2 atoms. 
Oxygen s lA'lZ = 571 atoms. 

100 

II. Tlie lumps which had retained their transparency when first digested in eold 
alcohol, were acted on more slowly by this menstruum than the other variety. They 
however after a time became covered with an opake white coating, but it was less in 
qnanti^ than the similar insoluble matter left by the other. The pale-yeDow solution 
waa evaporated in a thin film, and kept for sixty hours at a temperature of 200* Fahs. 
The ream was pide-yellow, brittle, and craclced on cooling, and became soft at VSXP 

FiUiB. 

A. 13- 1 grains gave C = 37*58, and H = 12*69. 
B. Another portion of the same solution evaporated and heated for eighteen hours, 
gave a resin of which 10*17 grains gave C = 29 047, and H = 9767. 

0*606 grains gave C s 9778* and H js 9*876. 
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These are equal to 

A. (2.) B. (3.) C.(4.) 

Carbon = 79-33 7898 7909 

Hydrogen = 1076 10-6" 1073 

Oxygen = 991 10 36 10 18 



100 100 100 

These results ii'^rcc very nearly with the foriimla t^,, ^^, O^, being that originally 
adopted by Rose to represent tlie constitution of colopl]ony. This formula gives 

40 Carbon = 3057 480 = 79-27 
33 Hydrogen = 399 347 = 10-36 
4 Oxygen = 400*000= 10*87 

3S:)0H2r 100 

The most marked disagreement is in the amount of hydrogen which by analysis is 
abcHri; me tenth per cent, greater than it should be, allowing for the mnal erron 
of analysis. The romrala C^p Hj, voold give 10*6 per cent, of hydrogen, which is 
probably too near the quantity found to represent the amount actiuilly present in tJie 

resin. 

At the same fitno I would take the present opportunity of repentlii!!-* that in none of 
the formulse tieduced from the analyses detailed in the present invent i^iitiuii, iii ilie 
number of equivalents of hydrogen to be considered as absolutely determined. What- 
ever precautions may Im taken to obtain any given renn in a norma/ or perfectly pure 
state, and to avoid the ordinary errors of experiment, the emmination of every new 
memlier of this interesting femily convinces mc that though the formula deduced 
from analysis may express very truly the relations between the numbrr of the equi\-a- 
lenfs of carbon and oxygen, yet that the hydroo;en is doubtful to the extent of one or 
two equivalents always in excess, and that to this extent, tlicrefore, the formula I 
have given may be still open to correction. 

III^ — 1. Of that which be(»me soonest opake from eontaining the laigest quantl^ 
of gum, two several portions of the solution were evaporated in thin films, and heated 
for sixteen hours at 250° Parr. 

A. Of the first portion 10*28 grs. gave C = 28-67, and U = 9-575 grs. 

B. Of the second portion 6*33 grs. gave C = 17*693, and H — 5*908 grs. 
These are equal to 

A. (5.) B. (6.) 

Carbon s 77*67 = 77*39 
Hydrogen = 10*41 = 10*37 
Okygen = = !i::m 

100 100 
* Ant*, p. S86. 



Digitized by Googl( : 



NR. JOHNSTON ON THI OONSTITOTION OF THB RUINS. 303 



77-28 
10^ 

100 

S, Exhausted with more alcohol, this portion gave a resin of a different constitu* 
tion, which did not harden so readily on cooling evm afl«r long beating, and was ob- 
tained brittle only in very tiiin films. 

C. 10-436 gn. gave C 96*39, and H s 9'3&. 

D. 5'67 gn. gave C s 14*49, and 6 as 4*867 or 

C. (7.) D. (8.) 
Carbon = 75-23 = 74*66 

Hydrogen = 0-95 = 1007 

Oxygen = 14*83= 15*37 

Too Too 

The formula C^^ requires 

Carbon = 7&'36 

Hydrogen = 9*84 

Qigrgen ' s 14*80 

Too 

These discordant results icemed to imply tliat this gum resin contains two rttam, 
ct wfaidi the one is represented by Cm O4, and the other byC#ll„ 0(. This 
would account for the formula C40 H33 0$ given by the above analyses A. and B., on 

the supposition that the renn employed in tliese analyses was a mixture of the two, 
as -well as for the occurrence of the resin with fonr equivalents, a/one, in some varie- 
ties of olibanum. 

3. With the view of 6atisfactorily determining tins point, a further quantity of 
olitianum was immersed in alcohol, and the portions which soonest exhibited a coat- 
ing of gum were selected. Treated witii cold alcohol for several days with occssional 
agitation, tlicse gave a pale yollow solution which was decanted. The undissolved 
part was boiled with more alcohol, and a much paler solution obtained. Tlii^^ puler 
solution evaporate<! in a thin film, as ustial, gave a brittle resin, having the colour and 
much of the smell of colopliony, of which 

£. 7*20 grs. gave 0 = 19-dl, and U = 6*43 or per cent. 

Carbon — 7493 1 
Hydrogen = 9-9*2 i- 
Oxygen = 15 16 j 

100 

Morccxxxix, 2 a 



The formula C4, Oj gives 

Carbon = 
Hydrogen = 
Oxygen = 
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which agiea with the results C. and D., and leaves no doubt that a resin with six 
atoms of oxygen is one of those wlUcb exist in olibanum. The first, or yellower sola- 
tion, gave a softer resin, the analjrsis of which was lost by a'faihwe in the burning. 

4. On examining the oHbanuin of commerce after the above experience of the pre- 
sence of different resins, it is easy to distinguish by the eye at least two varieties ; one 
in rounded brittle, brownish-grey, opaque masses of various sizes ; the other in long 
tears as if it had flowed more easily from the tree^ and been less rounded by attri- 
tion, often softer, less brittle^ and less dull In asimC. There occur also other pieces 
not to be classed with cither, the composition of which can be determined only by a 
separate examination*. The first variety deser i bed is thatwhicli contains inost^m. 

A few pieces of this were carefully selected and treated with alcohol for several 
days in the cold till the resin was entirely exiiausted. The whole of the solution was 
eraporated together, and the resin heated at 35<f Fahb. for rixteen hoars* 

8^3 grs. gave C = 21'87, and ft as 7-ai& or 

(10.) C««HrtO«gmt 

Carbon = 75-31 75*86 

Hydrogen = 999 9*84 
Oxygen = 1471 1480 

100 100 
These selected portions, therefore, con'-i'^ti'd wholly of gum in large quantity, and 
of a resin containing: ^^ix "f oxyg^en ; and as we have already seen that tfiose pieces 
which include less guui, consist wholly of gum and a resin containing only four of 
oxygen, and having mach of the smell and other properties of colophony, I have 
thought it onnecessary to search for any other explanation of the dteoordant results 
exhibited in analyses 5 and 6, than the supposition that the redn employed in 
these analyses was a mixture of the two. Had I chosen to omit these two analyses 
from the present paper, no discordance would have appeared among the results de- 
tailed. I think it better, however, that in an investigation like the pr(>^cat, nu im- 
portant steps should be omitted, both because they illustrate the precautions it is ne- 
cessaty to adopt in order to obtain a pure snbstanoe, and because others who may 
repeat my experiments, should they obtain repeated results agredng so closely, sad 
indicating so distinct a formula as the analyses 5 and 6 (above), might consider them- 
selves justified, witboQt further examination, in pronouncing me to have been in error. 



Conclusions. — ^The gum resin olibanum of commerce consists of a mixture of ut 
least two gum resins, th«- r* sirioiis ingredient in each of which differs from that of the 
other in composition and properties. 

l.Tbe rounded, opaque, dull, hard, and brittle pieces, which speedily become covered 

* Hmh itnukB I bdiefe to apply generally to Uie fllibianm it ia mt «iA b lb« couatqr* Ibe int 
qiiaiitiqr I vnaiBMl briBg biM^fafc in Ediidwigh aiz 7^ 
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with a wliite crust when immersed in alcohol, contain an acid resin (A.) — C^g H,, (),;. 
This variety constitutes the larger portion of the olibanuui of commerce, aod is the 
mcnre ftagiaat whea bnnied. Its compoidtion is dsteraiiMd by the fcmr oonoordant 
tresnlti (7, S, 9, 10). It contains a vnriable quantity of a volatile oil, as is the case 
with nearly all the resins, by which some specimens even after lODg beating are pre- 
vented from immediately becoming brittle when allowed to cool. 

2. The clearer, yellower, less brittle and opa(]ue pieces, generally in long tears 
(stalactitic ?) as they have flowed from the tree, and wtiich give less gum when treated 
with alcohol, contain a resin represented by C^q O4, and having considerable re- 
semblance in smdl and in its otiier properties to colophony. 

Whether these two varieties issne from <fillhrent parts of the same tree, or at dif- 
ferent seasons, or whether the true oiibannm is mixed with the produce of another 
tree, it is not easy to determine. We can scarcely believe that the two varieties issue 
from the same tree under the same circumstances. 

As I have already said, there may be other resins mixed with these in smaller quan- 
tity, in the oUbanum of commerce, in regard to the compoation of which I have made 
no ezaminatiofi. 

CtenenU OhmvaUim. 

We have akeady seen in the first and second parts of this inquiry, tiiat the resins 
may dilfer vecy inddy in the nnmber of equivalents, not only of oxygen, but also of 
faydrogen, which they contain ; and founding on this difference in reqwct of the hydro- 
gen, we have seen reason also to divide such as have hitherto been analysed into two 
groups, represented respectively by the general formulee 

C40 H32- , ^ and 

The reiiius described in the present paper belong to the first of these groups, and 
illuBtiate very dearfy tbe diflexenoes whidi may exist in the number of equivalent of 
hydrogen among tiie several members of tbe same group. A comparative inspection 
of the fimnnltt is snfficiait to satisfy us that such di^rences emst in nature. 

Resin tdPimu oftfcr B s H» 0^ 
Resin of Sandarach A s C^* Hgi O5 

Resin aiPbua A s C|« Q( 

Resin of Sandarach C = C^^ H30 
Resin of Sandarach B = C^o H„ 
Resin of Olibanum A = Cj II^^ O5, 

At present I do not dwell on these partial generulizations, as the results of nffier ex- 
perimeuts which I shall hereafter have occasion to detail will render necessary a slight 
modification of one or both of the above general formnke. 

Durham, Mmf, 1839. 

2a2 
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XIX. Raearckes i» Emhyologif. — Second Series. By Martin Barry, M.D. F.R.S.E., 
FtUm iif the Rojfttl CMege of Phgndans m Edu^urgk. Communieated by 
P. M. RoesT, MJ). See. 

Kceciwd Abidi 28,— Bod A|iril 18. 1889. 

In a former communication-f- 1 deBcribcd the inaininiferous ovum in its several pe- 
riods of fonnation. The present paper is intended to trace it through the early stages 

of development. 

What is i(nowii, or supposed to be known, ut the cvuiution of tbe ummiiiiferous 
ovuin in its early stages, mainly rests on observations made, not in Mammals, but in 
Birds. Direct observations have lieen so few and so isolated, that between tbe time 

wben the coitus takes place, and that of tbe incipient appearance of the vertebrw, 
there exists a dark period of which very little is really known. 'I%is hiatus it is one 
of the objects of the present paper to assist in filling up. 

The ova of tbe Vertebrata generally were tbe subjects ot investigation in my last 
memoir, it being then Intended to demonstrate the essential identity in form, of cer- 
tain structures which enrt in the fonr elasses of vertebrated animals. The ovum as 
then considered was in a state of comparative though not entire, repose. Tbe pre- 
sent series of researclieit, on the contrary, investigates the ovum while undergoing 
rapid changt;s. In order the more completely to watch the progress of tliese chang^v, 
it seemed -desirable to confine the attention to a single spccio'^ The one I selected 
was the Rabbit, to which animal all general remarks made in thih paper will refer^. 

For tlie illustration of a subject like the present, which may be compared to a se- 
ries of metamorphoses, it irili be obvious that we ought to l»e in possession of a suite 
of stages. These f trust liave been obtained, thoof^ not irithout difficulties at times 
in the highest degree discouraging and inseparable from the very nature of the sub- 
ject,— difficulties felt hy Db GRAAFjCutrrKSHANK, Haighton,Prbvost and Dumas, Barr, 
and others. But there existed other ditticultics, the best evidence of which is the re- 
sult, that I am compelled, however reluctantly, to call in question some views which 
were considered to be settled ; and these embracing points of cardinal importaiwe. 
For eicampie, acoordingto my observations the embryo does not arise in tlie substance 
of a membrane. 

The diserepancies to be found in the acooants of ontfaois on tbe ovnm of Mam> 

f BcMttches in Embryology, First Series. lUflnpUed TuiHMtioiit, 1838, Part II. p. SOI. 

; .Amontr the figures wiU be fouad «e«cnl Ihm tlic ngViibv an vtvjrof whidi uiaal I ud indebted to tbe 

kindneas ot' Professor Owkn. 
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inalia, and the oonfUsed nonienclatare of iti membmneB, appear referable to the ib> 
8ence of early observations in oontinuous snccesmon. Observers have not directed 

their attentioa to the ovum post coitum before it leaves the ovary ; and they cannot 
be said to have thorouglily rxaniinod it in the Fallopian tube. Now so rapid are the 
changes which the ovtrin undergoes at the period in question, that had I not very often 
seen it in both of thuhe localities, it would have been impossible for me at least to un- 
derstand it in the titeros. And in proof tiiat others foiled to do soj it may be stated 
that ova of the Dog ineaaariiig half a line, have bem described by emiaoit observers 
as consistivg of a single membrane; whereas in the Rabbit, according to my obser- 
vations, ova of ^t\)\ minuter size may consist of four membranes in addition to the 
embryo, (one ui these menibranc« bcinsr eoniposed of two laminffi) ; to which it may 
be added, that I hud one menibruuc to disappear by liquetaction within the ovum 
while the latter is in the Fallopian tabe. 

From what has been stated, it will be obvious that in ondertaking researches in so 
difficult a subject as that of embryology, the mind should not be pre-occupied with 
any theory. I certainly had none to establish. If I was at all prepossessed, it was in 
favour of existing doctrines ; and it has been in spite of such prepossession that fact 
after fact has gradually but irresistibly compelled me to form otiier views. In the 
following pages there will be found no speculations, as I have confined myself to a 
simple delineation of appearances, and to the most obidons conclnslons arising from 
them. If in any points I have been mistaken, that indnlgence will, I trust, be ac^ 
corded whidi may be fairly claimed in exploring one of the most hidden regions id 
physiology. That in the main facts I have not erred seems probable, from the re- 
peated opportunities atlbrded for their confirmation. The number of Rabbits ex- 
amined considerably exceeds a hundred, and i iiavc recorded in my notct» the particular 
results regarding eighty-nine. Betides ova that were still pivsent in the ovaiy and 
apparmtly destined to escape, ninety>three have been found in the Fallopian tub^ and 
two hundred and thirty-six in the uterus. I have kept a separate record of the 
measurements and other particulars of most of these. Tables will be jriven (par. 319.), 
showing- the diameter, general condition, and locality, of two hundred and fifty-sue 
of the minuter of tliese ova, very few ut which exceeded in diameter half a Paris line, 
and by &r the greater number were c<mBiderably below this size, some indeed not ex- 
ceeding Vrth and even ^^th of a Fsris line. Of these ova I have preserved sixty-cis. 
The foregoing will serve to dww tiiat my conclmions have not been drawn from so> 
litary foots or isolated observationa't'. 

t The following testimony to the itnportaoce of the history of development, in from (he pen of an emiiWDt 
obHrar, (Bw Hmcau, in Maeui.'* Aiehiv, vol. ri. p. 1 .) " Systmbtic physiology rests especially on k» ind 
cmn never npidly ■dvune nnless it becomes mure perfect, for this it b which gives to die pliitoM)|iili«r tkn 
material wherewitlt to rear a solid fabric of orgnnic life. Hence in anatomy and physiology, otir endeavoms 
ought more than is now the case to have reference to it ; in other words, we should constantly examine not 
onljr emy vtgtn, bat emy matcfid. and abo evciy aodan, iridi the iaqdi7< hm M tktf tr^ m te f* 
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(Use meaeurementi throughout this paper* as in the Ibrmer one, are stated in frac- 
tiouB of a Paris line, and thus expre^^sed ( "). As ii simple mode of redociDg this 
fraction into (what is very nearly) the c(iuiviilent fiaction of an English inch, I re- 
commend mnltiplying the denominator of the former l)y See the "Table of 

Measurements'* (par. 320.)- The actual sizes of some of the ova are represented at 
the foot of Plates VI. and VH. 

The Mature and the Immature Ovum. 

120. The difference perceptible between ova in these two states appears to me to 
consist in the condition of the yelk. In the imiiiatiue ovum the yelk contains sepa- 
rate oil-like-f globules, diffused in a Ouid (Plate V. fig. tib.dj ; while in tlie ovum 
that is mature, the yelk preaenti a peripheral stratum, sometimes appearing granulous, 
and at others seeming to consist of vesicles pressed together into a polyhedral form, 
its centre bdng in tbe*8tate of fluid. 

131. The globules of the yelk just mentioned as oil-like in their appearance in the 
immature ovum (fig. H[>. d), are in reaiiiy vesicles. In fig, 8". are some ot those vesi- 
cles from an immature ovum of the Tiger, iu which animal I found them exceedingly 
distinct. ' But besides being true vesicles, those globules contain objects which them- 
selves are also vesida ; the latter in some instances presenting opacities in their in- 
terior, and they are often observed to be pressed into an irr^nlar shape ^. 

122. Hie globules contained in the vesicles (" cells") represented by Dr. Schwann ^ 
froin the yelk-cavity of a Hen's egg do not exhibit the appearance of \ esicles so de- 
cidiHl ly as the above. In the Cat, however, I have found the vesicles of the yelk to 
contain a globule very much resembling that just referred to as figured by Schwann, 
yet tlM outer vesicles bad the sane high refracting power as thcee from the Tiger 
(PI. y. 87-), and in this respect, therefore, diileied from those in the figure by 
Schwann. Is the difference referable to a difference in age || ? 

Effects produced on the Ociim in the Ovarii Inf Maceration. 

123. Ou a forintr occasion (/. c, par. 50.) I referred to the elTectJ* of maceration, as 
increasing the probability that a proper membrane of the yellc existed generally in the 
elasB Mammalia; for it was shown that although the thick tmnspnrent membrane 
of the ovum or *'sona peUudda" (/) by imhibitlra had become distended, the yelk- 

t Tlw term " oil-like" is used, as in my {bnner Tmuok, to detctibe mtlfif fiht tpfBunm Mid Mt die a*, 
tore of the globules to which it h nppliod. 

; it is aa iateresCiDg fact, as several figures iu my '* First Series" (/. c. Plate V. figs. 14. lo, 16,*) serve to 
dwir, thrt Uw ydk-gy»]M («Miel«B} collect, end pcriupe origiBele. aiwmd a» ftndMl ttddt, 

{ Xfikroakopischc L'ntenucliungcn ubcr die Uebereiottioimwigea in dv BlndLtnr and ism Wodutham der 
Thlerc und Pflaosea. Tab. II. fig. 2. Boriia. lfid8-9. 

I PeAqM.liowe««r.ittet]ieglofaaIesaf the ''diwii»irfr«OiiMn''imAer dienllMMof (ke jdk-oitiitjr in tlio 
egg of the BlrJ, with \t hicts the globules of the substatice mwdljr colkd the ydk in Ibe auuuferoiii onuiMi 
wnuD are to be compared (par. 174. fint Note. par. 318.). 
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ball stQl retained its liie and form. In the present paper, Plate V. fag. 88. affofdt 
a proof of this in an ovum of the Tiger. Here, liowever, in addition to tlie ydic 
continuing spherical, its proper membrane (e) was very dtaUnctly visible. 

124. The most conspirnous chan{:;e produced by maceration is di^tenfion of the 
membrane J\ but I liave observed the gei iiiinal vesicle also before disappeurini^ to be- 
co/ne elliptical, hee the tjgure just referred to and also fig. 89., wliich exhibits the 
germinal vesicle (c) of the same ovum on a larger scale. From the germinal spot (b) 
in this instance there were seen to have arisen three membranes or vesicles, its 
oential part oonusting of a fourth, which appeared to contain a pellucid fluid. Be- 
tween these membranes or vesicles of the former spot, were grannies and a fluid (par. 
298.) the grannies being situated for the roost part near the centre. 

7%« Rut, 

125. It is known that at this period there occurs incrcaseti vascularity of the parts 
in goieral, and of certain Graaian vesicles in particular. 1 have found that the rnim- 
ber of Graafian vesicles appearing to become prepared, hy enlargement and vascular- 
ity, for discharging their ova, exceeds the nnniber of those that aelnally discharge 
them (par. 126.). The fluid of the Graafian vesicles in general which are situated at 
the surface of the ovary, is more viscid now than at other seasons. The degree of 
this viscidity, however, as well as the condition of the yelk, t^eenis to tlepcrid on the 
degree of advancement of the period in (question. In ovu taken from enlarged arul 
vascular Graafian vesicles, the germinal vemcle it at the periphery, and the ydk ma- 
ture (par. 120.). I have also in some instances observed the peripheral stratum of the 
yelk tp have become more finely granulous than in usual states of the mature ovum 
anfp rnitum. The changes iri the tunica granulosa and retinaeula. incipient perhaps 
at this period, will be more particularly meutioued among those referable to the coitus. 

The Ovum in the Ovaty post coihim-f-. — First and Second Stages of Devehpiiwnt. 

I2(>. I liave found it extremely difficult to distinguish with precision between the 
chunge^ referable to the rut, and the further changes resulting from the coitus. For 
reasons given in the introdaction to this memoir, it did not seem anffieient to aee the 
state of ova first in the Fallophm tube. But then It was equally unsatiafiMstory to 

examine ova still in the ovary; for at first I was not in possession of any means of 

distinguisfiini;; those that were really destined to be discharged, as in addition to thr 
Graiifian vesicles, from which ova would have been expelled, I have (as already stated) 

t Ah researches of this Idiid wouM be UBpouiUe, or the reralte of no TBine, without the mcMia of detv- 
mining precisely the period between die coitne and the death of the aBiiiiBl, I dtall beexeiiaed if Imeofionfir 

the profeseioool reader, 1. That persoiw were eaploycd who migfat be relied upon, and were fully rompetdlt 
to ju(]>ce of the cfimlition of the female rabbit in refrrrnrp to the rut: 2. n.at tlie caitiis was in every In^^tanee 
tetn, and the time as well as the d^ree of readiness for the reception of the male particularly noticed and rc- 
cottlcdi ■ndS.TlMtimmedMtdf afterdwooitoadiefcfMklfaililiitvu 
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generally found several others that had become enlarged and vascular (pur. 125.). Jt 
tiierefbte was an object of gnat intereat to meet with ova that were on the point of 
entering tlie tnbe. 

127. The periods of 4, 6, 8, and 8| hours post coiAmi, were found too short, the 
ova being still within the ovai-y, and apparently not very near the time of their ex- 
pulsion. A rabbit was examined at eleven hours, when the ova were found to have 
made their exit from that organ ; and one at ten hours, with the same result. An- 
other was lililed at nine hours ; the ova were still within tlie ovary, and their Graafian 
veeides presented no decided indication of an approaching rnptnre. I tried 9^ hours, 
when the ova were again found within the ovary ; while in another instance at i^ne 
hours thoy had escaped. Tliis was discouraging, but it seemed wortli while to per- 
severe. At lenfrfl), after nearly a score of rabbitji had been devoted to anatornical 
inspection, for the single object of determining the condition in which the ovum leaver 
the ovary, the parts were found in a state precisely what I Iiad so moch desired to 
meet with ; one of tliese animals at ten hours yidding me two ova that had left the 
ovary and advanced an inch into the tube, and two others that were still in the ovary, 
but beyond all doubt on the point of following tiiein. 

128. According \o my observations, then, ova of the Rabbit destined to be deve- 
loped are frequently di:»cliarged from the ovary in the course of nine or ten hours post 
odium. BuROACB-f- refers to only one authority on this subject, stating that Cruik- 
•HANK saw the Graafian vedcles of the Rabbit to burst in the short period of two 
hours. From Cbuikshank's paper^, however, it appears that this was observed in 
a single instance only. Kuhlemann^ found Graafian vesicles of the Sheep to have 
burst at the end of the first day; and Hau8mann|| observed that in the Hog they 
had nearly all burst in seventeen hours. The conclusions of Prbvost and Dumas f[ as 
to ttie time of bursting of the Graafian vesicles in Dogs, appear to rest chiefly on tiie 
period when those observers found ova in the ntenis, fiiom wliich nothing can he de- 
termined as to when they left the ovary. I have recorded In my notes several In- 
stances in which, after a much longer period than nine or ten hours, the ova (In the 
Rabbit) had not escaped. Rut in those instances there wa« no proof that any ova 
were destined to escape, — in other words, that the coitus had been productive. Still, 
however, the condition of the animal, and more pai ticularly the degree of its ad- 
vancement in the mt, probably occasion c(msidenble difl^nccs In this respect. Yet 
I am satisfied thitf ova very frequently leave the ovary in nine or ten hours; to have 
determined which, it wHI lie heresfter seen (par. 166.) is a point of some importance. 

129. Several observers appear to have supposed the ova to be still present it) the 
ovary after their escape. CRUiKSMANK-f~^, for instance, mentions a little body which 
he found on the to|) of the corpus lutcum three days post cottum. That little bodv he 

t Die Phj-siolog^ic iJs Erfiihrungi WlMfMfhwft, Tol, 2. p. IS. J Phik)«ophical TranaactioiH, J797. 

^ BuBDACii, /. c. vol. ii. p. 12. I Ibid. vol. i. p. 555. 

*| FwMnsf^e NotlteBj Mo. IBS. p. 1S8. 

tt /. r 906. 
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supposed to be the ovum. What it really was I shall endeavour hereafter to render 
probable (par. 155.) ; bot it is very unlikely to bave been an ovum. 

180. It appears from tbe observations just made known (par. 137-)* tbat in the 
Rabbit all the ova of one impregnation are discbarged at about the same time. Tbis 

is oppn«:(>d to the opinion of Prrvost and Di'M.\?-f-, that in flic Ilaljbit at Irast two 
days tlapse before all the ova ilestined to he developed have Ictr the ()\a:v. That I 
am correct iu this particular, is rendered still more probable by the fact, that iu the 
Fallopian tabe, and in the beginning of thenterus, minute ova are generally (though 
not in every instanee) met with lying very near together^. Having fonnd more than 
three hundred ova in the uterus and tube, I may perhaps venture to speak with some 
confidence as to their particular localities, which it lias uniformly been my practice 
to record. A <rrnernl idea of the situation in which many of the minuter ova have 
been observed, may be obtained from tbe Tables (par. 619.). 

181. If my endeavours to obtain ova when jast on the point of entering the tube 
were for a kmg while fruitless, unexpected ikcte were noticed, amply repaying all tbe * 

labour. It was in the course of those wearisome endeavours, that the germinal ve- 
sicle first presented it>elf in situations which made me doubt its disappearing at the 
period hitherto supposed. I saw it in mature ova Italf-way between the surface and 
the centre of the yelk, — a locality which was remarkable from the fact, that ante 
cmtum, and even while the ovum is yet immature, the germinal vesicle is seen to 
bave passed to the sur&ce of the yelk. Now aaeh a situation of the germinal vesicle 
would probably have escaped my attention, if the observation had not been many 
times repeated. Yet on a knowledge of the fart that the jrenninal vesicle rctDrns to 
the centre of the yelk, depends the possibility of fully understanding the ovum iu 
some of itts future phases. 

182. I shall now describe the changes apparentiy resulting from sexual eoaaexlon, 

observed in the ovum of the Rabbit while still within the ovary. Some minute details 
will be unavoidable, but so far as is consistent with perspicuity 1 shall endeavour to 

be brief. 

133. After some hours the gertninal vesicle is found to have left its situation at the 
surface of the yelk and to be returning to it» centre, from whence it came. About 
the same time I have observed to bave arisen from tbe surface of the germinal spot 

a membrnne—tliat is, a vehicle — whieli speedily enlarged so as to apply itself to tbe 
inner surface of the germinal vesicle. The vesicle thus proceeding from the spot, of 
course imbibed the flntil of the germinal vesicle, which in its new situation apfteared 
finely graimlous, and yellowisb-brown in colour. I ho germinal vesicle having now 
two membranes, was less tansparent, and less easily rupt ured than before ; and 1 bave 

t L. c. No. 189. p. 199. 

MCAp« fnm one vnry, a proportionallj 

•onller number tt diadinfed ban tlw oOcr. 
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observed what appeared to be the fiirther e^t of Ibis additknud membrane, in the 
mtcte remaraing visible, casting a shadow, and even not at all collapeing after bdng 
mptared (Plate V. fig. 92.). 

134. Thr germinal spot, picvioiisly on tlic irifci nal siirfacc of tho goi riiinal vesicle, 
is soon obsci veil to occupy its centre; presenting thus tin- same clian<rr in i-elation to 
tiie germinal vesicle, us the latter undergoes in reference to the yelk-ball. The spot 
becomes veiy mnch enlarged, and in its centre there is now a pellucid point. 

185. On some occasions, when the germinal vesicle was dbaemd to be returning 
from the sur&ce to the centre of the yelk, the yelk inewed with n flccted light exhi- 
bited the appearance of masses, bctu'ecn wliit h ihcrp was a pellucid fluid. At other 
times I fiave seen witli <,M-cat distinctness a cavity in tde centre of the yelk. Plate V. 
fig. 93. showij the germinal vesicle (c) just entering such a cavity. This figure repre- 
sents a stratum, apparently of vedcies, forming the periphery of the yelk. Subse- 
4)uently this stratum has disappeared (the proper membrane of the yelli having in the 
mean time thickened), and the yelk luis become fluid at its sur&cet while its central 
portion, in which the germinal vesicle now lies, has become obscure. In a stage still 
later more of the yelk has liquefied, and in the liquid are granule'^, the central part 
of the yelk having now an ellipsoidal form (Plate V. figs. 96. and U/ -)- 

186. The proper membrane of the yelk was shown in my " First Series" (/. c. 
Plate VIII. fig. 70. e.) to be present at an early period in the existence of the ovnm, 
hot stated to be from its tennity in Mammalia generally invisible. At the period at 
present under consideration it suddenly thickens, highly refracting light (Plate V. 
fi!r« 04 9(). (»7. e.), and is often reddish-brown in colour. This thickening of the 
proper membrane of the yelk is not among the earliest of the clianges resulting from 
sexual connexion, but iullow8 those above described, and for the most part takes place 
immediately before the discharge of the ovam from the ovary. The stratum of ve- 
sicles referred to in the preceding paragraph (fig. 98.) has now disappeared. 

137. The thick transparent membrane of the ovom, or "zona pellucida" (/), beg^ 
to imbibe fluid and ditstend, so that a tninute space, filled with fluid, is visible between 
it and the yelk-ball (Plate V. figs. 9G. and ii;. c. and /.). This change follows the 
incipient thickening at the proper membraue of the yelk {c), and in some instances is 
not appreciable until after the ovom lias made its exit from the ovary. 

Ida The tunica granuhna (Plate V. figs. 98. 96. 97. ^ was shown on a former 
occasion (/. c. par. 64-71. 88.) to be at first a spherical and subsequently a flattened 
accumulation, on the ovum, of the peculiar granules, or rather vesicles of the ovisac. 
At the period in qtiestion it« vesicles hang less tenaciously together, and frequently 
appear to be passing into a liuid state. The tail-like appendices, as I have called 
them, of this tunic are now very distinctly seen to be continued into the four per- 
sistent retinacala, eWdently contributing themselves to perform the same offices 
(par. 149— I'jI.) as the latter (fig. f>6. ^'.). 

139. The retinacula (Plate V. figs. 93. 9C ^s^.) (described in my " First Scries"), at 
the period now before us, become enlarged, for which there seems to be a provision 

2b2 
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ante coitum in the wrinkled state (as formerly mentioned, /. c. par. 86. Note.) of their 
investing membrane. In some instances I have observed a number of minute dark , 
globules to be mixed with the vesicles which form these structures. Sometimes, 
as in fig. 96. g^., the retiuacula, beginning to liquefy, resemble a collection of pel- 
lucid drops of Buid. 

140. Most of the changes now mentioned I have found lo take place before the 
ovum leaves the ovary. Yet certain of the later ones in some instances are not ob- 
servable until the ovum has passed into the Fallopian tube. From my observations, 
therefore, it appears that there is no condition of the ovum uniform in all respects, 
which can be pointed out as that in which it is expelled ; though the same obsena- 
tions lead me to conclude that Plate V. figs. 96. and 97. present a state which is 
frequent when the discharge takes place, viz. the germinal spot {b) has a central pel- 
lucid point ; it is situated in the centre of the germinal vesicle (c) ; the latter has a 
dark contour, and perhaps a double membrane; around it is an ellipsoidal mass ; the 
yelk (r/) is a fluid containing granules ; the proper membrane of the yelk {e) has 
thickened, highly refracts light, and is often reddish-brown in colour ; there is a 
minute space, filled with a transparent and colourless fluid, between this membrane 
and the membrane / ; and finally the tunica granulosa (^') and retinacula {g^) pre- 
sent the appearance of incipient liquefaction. 

141. A synopsis in my former memoir exhibited seven successive stages in the 
formation of the ovum (par. 292. Note.). In the present paper also, it will be conve- 
nient to adopt the same plan of considering the ovum in successive stages. These, 
however, occurring post coitum, will be stages of development. I propose to consider 
as the first stage, that represented in Plate V. fig. 93 ; and as the second stage, the 
condition which is frequent when the ovum leaves the ovary (figs. 96. and 97.). 



142. To obtain these facts, and have it in my power to state them with any degree 
of confidence, and in the order of their occurrence, has been an undertaking of no 
common difficulty ; and there did not exist, so far as I could discover, any recorded 
observations belonging to this period that might be taken as a guide* 



143. As to the particular locality in which the ovum becomes susceptible of de- 
velopment, physiologists are not agreed. Some maintain (hat it acquires this suscep- 
tibility before it leaves the ovary ; others that the change is not effected until after 
its expulsion from that organ. 

144. It is not my purpose to discuss the question whether contact of the seminal 
fluid with the ovum is or is not essential to impregnation. Yet perhaps it may be 
proper for a moment to refer to the possibility of that contact while the ovum is still 
within the ovary, this having been denied. 



Locality in which the Ovum is fecundated. 
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I to. Pbbvost and DuMAs-f- maintain that the spt i matozoa do not penetrate so far 
as to the ovary, aud conclude that in all Mainmuis impregnation takes place in the 
faoms of ^ titenn. I do not doubt thst the. c^Mervadoiis of PkBvoor Mid Dunam 
were aocunle, for in seventeen oat of nineteen instances in the Rabbit, though the 
parts were generally examined while still warm, I was unable to discover Spermflp 
lozoa in the fluid collected from the surface of the ovary. In the other two instances, 
however, Sn<'rinatozoa, or at least animalcules exactly like those I had been acca»> 
totned to meet w ith in the uterus and vagina, were really found on the ovary. I 
should rather say, that on one of those occasions Spermatozoa were seen, while on 
the other it was a single Spennatmoon that was obeerved. Some of the former were 
allre and actiye, though not in iMomotion ; others were dead. In that case, twenty- 
four hours post cailum, there was neither enlargement of the Graafian vesicles nor a 
high degree of vascularity in any of the parts. In fix- other instance the single Sper- 
matozoon found was dead, and the ova had scaped. Now whether the Spermatozoa 
are essential to the impregnating power of the seminal fluid, I do not think it needful 
to inquire. The fact that in the course of these researches they have been met with on 
the ovary, dera<Nistrate8 that the seminal fluid sometimes praetrates as Au* as to the 
snrfitce of that organ. Whether it praetrates into its interior I am unable to deter* 
mine; but certainly the changes above described, as taking place /kmt/ coitum, in the 
condition of the ovum while still within the ovary, are too remarkable not to Cftvour 
the supposition that it does J. 

146. The changes now more especially referred to will presently be seen. The ger- 
minal veacle anie eottem, after the formation of the yelk has begun, is situated in the 
centre of the latter. From that locality It passes to the surfhoe of the yelk, the germinal 
spot being situated on the internal surface of the germinal veaiele. The ovum (as 
shown on a former occasion, /. c. par. 85.) is conveyed frouj the centre to the surface 
of the (iraufiaa vesicle, and indeed to that part of the sui face which i*; situated nearest 
to the exterior of the ovary ^, being determinately held by the retinaculu in this situa- 
tion ||. The proper membrane of the yelk is hitherto extremely tbio. Such its the 
condition of the mature ovum ant* coUvm » that le to say, its essential parts lie as 
near as posrible to the surfece of the ovum. iW optAmi, before the discharge of the 

t L. e.. No. 189. p. 199. 

t Sim fh» itora tumoir ma pi w t rt to Iba TLapi. Sodrtjr I Iwf* Inmt that Prafaflor Bncaorv, «f 
Meiddtog , had ynnm»ly found SpcrmAtocoft oa the o\-ar)' of auuthi-r Mtnanl, the Du^^ (par. '27s ). 

§ In repeated itiPtanrcs al.«o I hnvc found the e^pnnina] vesicle at that part of the surface of tlie ycIk which 
wu (ituated neareat to the periphery of the Grufian veaiele, and therefore aa near as posaible to the surface 
of dw omy. Tint Moord* with A« obtemtinu of R. WAOwra. tliat la DjftUetmmarfhialii, ud ia mmt 

other uisects, tLe germinal vcsirlc always appears on tl)at side of the ovarian tubes whieh is directed towards 
the cavity of the abdomen. Thus in a bunch of ovarian tubes the vesicle is aever situntcd at tliat pait wber* 
tiw tabea lie one upon another. (Bcitriige sur Oeachiditie der Zeugonyuiid Btatiricikdung, p. A6.) 

I R. WAOKsa suggested that the " disc" (my tunic* granulosa and rednacula) might i^ertt to hgU tike 
omat the muftce of tlw Ofwfiaa wmdc, and tfaut pfwaote impn^giiation. (BaMige, tic, p. 39.) 
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ovum IVoin the ovary, the germinal spot pas$>e8 to the centre of the germinal vesicle, 
and the germinal vMide retunis to the centre of the yelk. The proper membrane of 
the yelk suddenly becomes thickeoed. 

1 47. Snch alterations suggest the probability of some sudden and important change 
having been effected in the condition of the ovum ; nnd moreover, that which is al- 
lowed to t»t Us most essential part, previously as near as possible to the surface of the 
ovum, is now withdrawn as yhr as poitsible from that surface, by being once more 
removed to its centre. Nor is it to be forgotten tliat the proper membrane of the 
yelk, previously extremdy ihm, has suddenly thickened. These changes, which I 
have no doubt will be confirmed by fnture observers, render it highly probable that 
the ovum has undergone fecundation The nature of the changes is such as to fevour 
the supposition that they are produced hy contact of the seminal fluid witli the ovum; 
and we have seen them to take phiei- within the ovary. I therefore su|)[)ose the ovary 
to be the usual locality in which the ovum is fecundate<l. Still, however, as we have 
reason to belieTe th^ the ovary, in some animals at least, discharges ova which are not 
fecoodated-l't this change may perhaps in some instances take place in the oviduct. 

Dischargs of the Ovum from the Ovwnf. 

I4S. This appears to he effected in part at least, as supposed by Valrmtin, throng-h 
the operation of a vis tt fi-r^o, tlie latter being produced hy the exubciant erowth of 
a reddish Oeishy luaiis, which acts through the medium of the tluid of the Graafian 
vencle. The particular structure originating that 6eshy mass, I shall have occasion 
to refer to in connexion with the corpus btiam (par. 156.). 

149. When describing in my "First Series" (/. c. par. 80-91.) the offices of the re- 
tinacula (Plate V. fig«. H5, Hfi, <)r?, nc. ir'.), 1 stated that they appeared first to sup- 
port the ovum in the centre of the (Jraafian vesicle, next to convey it to the periphcrv 
of that vesicle, and subsequently to retain it in the latter situation, — probably con- 
tributing also to attenuate the parictcs of the vesicle at a certain part, so as to pro- 
mote the expulsion of the ovum from the ovaty. It retaiains to notice some other 
offices apparently performed by these structnres. 

IbO. It is the central porli<m of the retinacula, and not the minute ovum, that pre> 
sents a surface for the openition of a vis a tergo. The retinacula therefore escape 
with the ovum (Plate V. fig. 9i). g^.) ; and l)y their long bands, and the connexidn 
of tboi»e bands with the membrana granulosa, render the escape of that important 
body gradual. They also seem to afford a oonsidei'able surfiioe for the operation of 

t HAMnmw dioirad diit coipom iutn Ibniwd in bott aMiottgh tbe «we» of MBiml floid on 

one side had been made nearly impossible by obliteration of the tube ante coitum. FflrtUiM , however, were 
iweteat only on the uamutilated side. Pbiloiaiiliical 'nraosactions, 1797. l>r. Bluhdrll went farther, obU- 
tBBtiag the upiw put of the vagiaa. mM» edftMi, and found that the coitus produced corpora lutea but no 
fflrtnaw. Bnt we know that even sexual connexion u not neeeaMury for the prodaotioo of ewpon Intm. See 
»ome PTr-ellrnt remRrk>< on t\ih -ubjcrt hy Dr. Allut TSOIUOW. avtidie " Oounliain,'' tllDV. ToBs'i Cydo> 
p«<iia of Anatomy and I'hy&iology, pp. 465, 466, 
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thase means by which the minute ovum in made to enter the Fallopian tube. And 
finally, enlarged and in a half fluid state, they appear to be the bearers from the ovary 

a tttbatance for the immediate imbibition of the ovum, and probably enter into the 
fomiaUoii of the chorion. 

I5i. The tunica granulosa (Plate V. fig. 96. appears to aisiit in all of these 
offieeiy and especially in the two last named'l*. 

T%e Corpui bUettm. 

153. When the discharge of the ovum from the ovary is very near, that portion of 
the Graafian vesicle directed outwards is seen to have been removed, so that little or 
nothing remains to obstruct the passag^c of the nvum besides the peritooeara. The 
peritoneum therefore appears to nie to be the part that gives way last. 

153. If a (jiruuiiau vesicle about to tlischargc its ovum be carefully dissected out of 
the ovarium, and so placed that the compressor may act upon it laterally, an appearance 
is obtained which I have represented in Phite V. flg. 95. This on a hunger scale^ and 
after the object lias been mptnred 1^ compression, is exhibited in fig. 96. Here k is 
the vesicle, which in my former memoir (/. c. par. 1-5. 25.) I described as the true 
and originally independent oi/Afr i is the covering gradually actinired by the ovisac ; 
the union of the two — according to my observations — forming the so-called Graafian 
vesicle. At the period now under consideration the covering (/) has become a thick 
and highly vascuUr mass; and mtb this change in its covering the ovisac itself has 
lost considerably in the sise to which it had been distended. 

1&4. A few hours after the ovum has been discharged, if lateral pressure be applied, 
there escapes from the thick and vascular mass (t) a minute translucent body (Plate V. 
fig. 98,), perfectly spherical in loim atid haviriL'- a dlami'ter (tf less tiian half a line. 
This, ])laced under the mitruscope, is tound to be the uvisar, tiiu.s oasdy removed from 
ha covering. lu the substance of the latter it will be remembered lie the vessels. 
The ovisac itsdf presents no trace of any, though in some instances its substance has 
seemed to be pervaded by pelhicid points. At a certain part of it (see the figure) is 
the orifice by which the ovum was expelled, its margin bloody. I have found that 
orifice in several instances to be elliptical, and to measure from -i-'" to in length. 

155. Several days after the ovnm has escaped, there is j^rotruded from the <'entie 
of what was formerly liie draatiau vesicle, a mammillary process, noticed by several 
observers, very accurately figured by Dn Graaf, apparently mistaicen by Caui kshank 
for the ovum (par. 139.), and not inappropriately compared to a sort of hernia by 
Costs. The primitive ovisac is at this later period no longer met with in the ovary ^, 

+ VoK Bakr mciitioii-^ that iu the Dog the "disc" jia»*if- with the ovum into the Fallopian tube. (LeUie 
«ur In Formation de rCEuF dan» l Eeptee huBune et daa* lea Mammif&rca, Commentaire, p. 40.) 

t L. c, p. 206. thiid day after the coitus. Bxperiment xvSi. "Tlx pouting part I believe is the ovum, and 
•tmds vpon tin topof coqnn Intean. Itianry vaacukr.partiailHiljratittlium.** SeeilaoBipctillMiittxxiv. 

^ Wliether in tlic interim the ovisac has been abeorbi'd iji titu or first expoQed, I do nOt klOW. Ib Ho^ 
I have found what seemed the lemaios of ovisacs in the infundibuluin. 
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for the maminillary process appears to consist solely of an inverted pordon of tke 
vascular and spongy substance which previoiuly crautituted the covering of the 

156. The obvious conclusion from these obtcmtkms is« that ^cooerk^^ the ] 

ovisac (PInfe V fisrs. 95 and 90. i.) becomes the carpus litteitm. 

157. In tiiaking this assertion I am so urirortunatc as to find myself again ex- 
pressing an opinion at variance wttii ttiut of Baer. 1 have no doubt that the corpus , 
bUettm formB in the atnicture where he exhibits itf-; but that itriictare, I mmt le- 
■pectfuUy maintiun, is not, as he calls it, tlie inner membrane of the Graafon veside; 

for that inner membrane is oonstitnted by the ovisac, which dteppcars. Dr. Pockbl8| 
has figured tln ee membranes m entering into the formation of nn advanced Graafian 
vesicle, besides the nietiihrdiia {granulosa; and it appears to me that what he has 
termed the " Nucleus," " Ovum Graafiaiium, " and " FoUieulus," is my ovisac, — a 
stmctttre which it will 1m remembered was in my former paper followed upwaids 
from the mtnnteneas, in some insCancee, of , i«dth of a line. And it farther appears 
to me to be this same vesicle (the ovisac) that Dr. Pockrls refers to in the Sheep 
and Goat, as remaining in the incipient coi'pttx luteum eight days and more after the 
expulsion of the ovum from the i)vary>^- \'ai,entin|| has very accurately sbowa 
the appearance of the substance of the corpus luteum on a small scale. 

DiMiffearance ^ Ova pott cottam. 

158. During the rat» as already mentioned, several Graafian vesicles seem to be 
prepared by enlargement and vascularity fi t discharging their contents, besides those 
from which ova are acttrally expelled ; so tliat for some hotirs even poMt coititm it is 
not easy to distinguish the latter from the former. After the ova have been dis- 
charged, therefore, the ovary often presents several Graafian vesicles, which are en> 
larigcd and highly vascular. These, as well indeed as many of the minuter ones, seem 
to be absorbed ; and during^ several stages of that process appearances occur whidi 
it may be worth wJiile to mention, as from their resemblance to Some of the clMUliges 
produced by impregnation, they are calculated to mislead. 

159. The yelk lirjueiies. This change is first seen around the germinal veude 
(Plate V. figs. 99 and 100.), in which sitnaiion also It will be remonbered the yelk- 
globules (vedcles) present their first appearance (par. ISI. Note.), The germinal 

t LettM, &e.. tg. idflt. 

: MCllbb** Archiv. 1836, Heft II. Tab, YI. 

i L. c, p. 203. I am inclined to tiiiuk that the mcmbrtme which, in some instances, is found lining the 
canty (when a cavity exists) in the corpus kteum, is no other than the originally independent Testde called 
1irnatlw'*onwe." Ste FlptMoftlwcaqiwlirtnAfBtiwlHmmindelijIlr.Mdn!^^ 
of tlie Signs and Synptrims of Prctrnancj-. fic, \f>^7.), who has 1*17 joittj ititBd Hat it b unt tke ioBV ■!(■• I 
braoe of the Onuifiau vesicle that becomes the corpus luteum. i 

I DiMCftmioD bjr BimrsAtBT. " SpMlm id fM Maannifiua GDitarira iule Vutgaa^daam,'* VtUk' 
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vesicle collapses, generally becomes elliptical, and more or less thickened (fig. 101. c ). 
Tbe germinal spot appears breaking up, and in its centre is sometimes seen a dark 
point (fig. 101. b.). The "sona pelladda** becomes elBptical, thii), and veiy much 
dig tended (figi. 100, 101./.)' 'The tunica gnnoloM and retinacula Hqnefy, leaving* 
the ovum uncovered, or with a few dark globules on its sucftce (figs. 99 and 100.). 

1 60. Such are the change.s observed when absorption is commencing pitsl coitum. 
It will be seen that in some respects they resemble tlje earliest effects of impregna- 
tion, but differ from them in the following; vi^. the germinal vesicle does not return 
to the centre of the yelk ; the proper membrane of the yelk does not tbicken» and is 
not even visiUe; and when tlie "sona pellocida" is distended, the imbibed fluid 
mixes with the yelk. The above changes also difl'er firoiik those described in my 
"First Series" (/. c. par. 60. and Plate VIII. fig. (57 ) as accompanying: the absorption 
of ova ante coitum, in the condition of the yelk, 'i'he yelk was then described as 
nearly black, from myriads of minute granules and oil-like globules ; while in ova 
absorbed post coitum the yelk seems to pass immediniely into the state of a coiouriess 
and pellaeid floid, whether those ova are mature or immature ; for I have met with 
some ova undergoing abeorption at this period, which were exceedingly minute. 

Graafian f 'es'icles cuutaimns; Blood irt their Interior. 

161. After the impregnated ova have been diseliarged from tlie ovary, some of the 
larger Graafian vesicles, remaining unbroken, are frequently found to conUiia a cou- 
riderable quantity of dark blood, which gives them the appearance of blackish spots. 
Such spots have been noticed by sevetal antfaon^ who snppoesd them to indicate the 
Graafian vesicles from which ova were destined to be expelled. It is not unusual, 
however, to find Graafian vesicles thus filled with blood in cases where tlie eseaped 
ova, in number, si^e, and loeal situation in the uterus, forbid the supposition that 
more would have been discharged from (he ovary. Of such instances I have recorded 
many in my notes. For example, in a Rabbit, 106^ hours posf ce*lttiii (Tsble, par. 313.), 
ten ova were found distributed throughout the two uteri, having a diameter of ^ 
to V", in the nineteenth and other stages. That a discliarge of more ova had been 
destined, is not at all probable; yet in that instance, — besides the incipienf eor|iora 
lutea, corresponding ia number to tlie iliseharg^ed ova, — each ovary presented several 
large and unbroken Grauhau veiitde« iiiled with blood (par. Vib. 126.). 

Omvaesr fownd m the i^md^uban. 

163. On onr ore a.^^ion, with a high <legree of vascularity iu all the parts, I found 
in an ovary of the Ho<; three niptnrcd draafian vesicles, with four apparently on the 
point of bursting-}-. Bloody strings of a fleshy substance were haneint.' at the orifices 
of two out of the thi-ec ruptured Graafian vesicles ; and m the miuudibuium ut this 
side there were several <^ the same kind of bloody masses, of a string'-like form, sug- 
t N«n of Ocm weie ditteadedbcjaiMl • nodcntc liie, aod tbegr aeogMd t»be in alwiiM^ title. 

MUCGCXXXIX. 3 T 
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gesting^ the idea of their having been rolled-f-. In the other ovarj^ two Graafian ve- 
sicles were ruptured^ having strings of the tsaine kind of bloody substance pendent at 
tbdr oritces. In (te lofiiMUbiilmn of this «kte were portums of blood-vends. 

163. Some of the string-like monee foand in the infundibalom, as well os thofle 
pendent at the orifices uf the raptured Graafian venclea, on being cstamiDed with tbe 
microscope, presented the following parts, viz. 

J . A multitude of elliptic vesicles, vailing in size from about vV" 't'ss 
to ^'"f of a greyish colour, and more translucent than the mass in which they 
lay imbecMed. 

2. A fleshy mass satuiated with blood, in wbieh these vesicles were finiDdy 
together with portions of large and empty Tessela. 

3. Shreds of ovisacs, not presenting the same vascular appearance. 

164. One of the vesicles jusf luentioned is represented in Plate V. lig^. 102. It 
was obviously an ovisac in the cuursc of being absorbed. At g arc its peculiar gra- 
nules, or rather vesicles^ in an altered state. In tlie interior of each of tbeui is ua- 
other vetide, containing a colonriess and brightly pellucid fluid, and enrroonded by 
granules. This hiner yeside is the former nndens in an altered state (par. S97.). 
At / is the manbrane, which unaltered is highly transparent, and very thick. It 
has become distended, wrinkled, and very thin The yt !k f «pem.s to have passed 
into a fluid state ; c. is the germinal vesicle, thickened, and probably double ; and 
b. the germinal spot, having a pellucid centre. Here incipient absorption is seen to 
have prodnoed the same eflect open several parts as impregnation and maceratiofi. 

166. The presence of snch objects in the inAmdibulum appears to be not unfire- 
qnent in the Hog. I have observed them alio in the C^. To explain the ocenrrence 
of ovisacs in tbe infundibulum, I suppose the rapture of a large Graafian vesicle som^ 
times to involve the discbarge of many minute ovisacs, which escape from the ovary 
in consequence, and are probably absorbed. I now return to the ovum of the Rabbit. 

The Ovum ^ifteriiluu Me <kmy. 

166. The diameter of the Rabhifs ovum, when it leaves tiie ovary, does not, ae> 

cording to my observations, generally exceed -rV of a Paris line, and in some instances 
it is still sniallf'r. This extreme minuteness renders its discovery ver\' difficult. It 
is, therefore, important to determine the tinie M hen the expulsion usually takes place 
(par. 128.), for we thus obtain some notion of the distance in the Fallopian tube to 
which the ova haYC advanced. And though in different individuals this distance in 
a given time may not be constantly tbe same, still even a general idea of it is of no 
small advantage. We thus diminish that extent of sarfiMse, to enmine vriiich, in 
qnest of an object so minute, long appeared to me an almost hopeless undertaking. 
I trust that future obsetvecs, throngh tbe Tables of obeervationa to be subsequently 

* In connexion rrith the rolled appearance of AcM iMMIt, I VOoUnferta dw UDMBlar sMe It CKtan 

periods of the middle coat of tbe iofuiulibafaim. 
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^ven (par. 319.), will be isparcd in some degree the fruitless labour which, ia the 
absence of tuch infonnatioii, it was my midiortttiie to bestow. An experienced eye may 
also mfer fxoin tbe oonditum of the discbaiged Graafian ▼eaioles or mciplent corpora 
lutea, whereabouts the ova lie. I have abwady Stated that all the ova are discharged 
frain tbe ovaiy at about the same time. They are, therefore, in most instances found 
very near together while in the Fallopian tube ; so that if a single ovum he obtained, it 
may be presumed that the re^t arc not far off. The Table (par. 319.) shows tlmt I have 
often found ova at tbe oomnMmcenient of the vtemsj that is within an inch or half an 
inch of tlie Fallopian tnbe. TIm^ seem stationary in tliat locality for some time. 

T/te size of the minute Oviun iin crUetion of the degree of iU dfveitipment. 
167- The figures in Plates \l. and illustrating "stages" 1 have thought it 
proper to draw ou fixed scales, scrupulously copying nature in r^^d to size. If 
however, these figures be referred to, tbe not uninterestii^ fiict will be made evident, 
that tliere is no fixed relation between the die (tf the entire ovum, and tlie degree 
of development of its most essential parts. An extraordinary instance of this is 
afforded in Plate VII. fig. 124. where in an ovum of less than J'" the embryo had attained 
a stage far lieyond what is usual in ova many times as large (par. 218.). Ou the other 
band, Plate VI. fig. UO. presents an instance in which development (as compared 
Curexam|ile with that of the ovam fig. 1 13.) appeared to have been retarded. 

168. Nor do any two ports of the own necessarily keep pace with one another j a 
fimt well shown in Plate VII. fig. 124., where the incipient umbilical vesicle {bh^) and 
the structure am. arc very far behind the enibrj'O in tlie degree of their development. 

169. In the following description therefore of successive stages, it will not in ge- 
neral be desirable to state particularly tbe dimensions of the ovum, nor minutely to 
detail tbe condition of any of its parts but those that serve to nuuk the stage. 

Third Stage ^ Development. 

1 70. When discharged from the ovary in the state exhibited by Plate V. figs. 96. and 
97-, the ovum was found in the following condition at the distance of one inch from 
the infundibulum in the Fallopiau tube (Plate VI. fig. 103. a.). The germinal va^iele 
(c), was visible in the ellipsoidal mass that occupied the centre of the fluid yelk. 
Tlie latter {d) was obscarely grannloas. The proper merobnme of the ydk (e) was 
seen with remarkable distlnctnms, being indeed, horn its appearance as a ttndi black 
line, the most conspicuous object in the ovnm. Tlie distention of tbe membrane / 
had proceeded farther, and in the same proportion a pellucid fluid had been imbibed. 
The tunica granoloea (g*) was present, but the retinacula were not distinctly seen-f. 
Ovum Vt'". 

171 • At j3 (fig. 103.) the same ovnm is shown mptured« to dononstcatethe strength 

t TVacMof bodittwtuiunpiindmtadntiMieahi^ fjtaaiUj ^aetaStit, laAdllhBdMtiDrtiy 

2T3 



Digitized by Google 



322 



DR. MARTIN BARRY'S RESEARCHES IN BMBRYOLOOT. 



of ((') the proper meinbranp of the ycIk, which remnine<i whole and still contained 
the yelk, thougli forced thmiig^li the lacerated mcmbraru' /. Tlx; g:reat thickness of 
the latter in seen in this Agure ; as well m the eHect uf pressure on (g> j the hull tiuid 
tunica grannlon. 

F^utrtk Skige ^Devekpmmt. 
17s. In Plate VL fig. 104.«. is repreiented an ovum of forty-one hours, and mea^ 
staring^ tV"* found about an inch from the infundihulum in t6e FUlojmin tube. The 

tunica granulosa wa<; not distinct. Around the thick, transparent membiune/ was 
a dark circle {c/iu) which at first seemed the outer surface of that membrane, now 
exhibiting a high refracting power. The yelk {d) was obscurely gratmloiis, atwl the 
germinal vesicle no longer seen'}'. At Og. 104. ^. iij another ovum of tiic i»auie liabUit 
fonnd forther advanced into the tube, and h<*re represented after bein|f crushed. 
This ovum presented the same dark circle (cAo.) seen in fig. 104. m. On cmshing 
the ovum, however, I found the dark drcle to be a tfiin memhranr dnseli/ investing 
the fhicli fran.vpfirrnt mcmhrmic f. Pressure produced tlie following changes in that 
ovum ; viz. The yelk-ball, c, (fig. 101. a.) became distended so as nearly fo fill the 
mciubranc / (fig. 104. /3.); the membranes eandy, then bursting, discharged their 
contents, which are seen lying between the membranes/and eha. No trace of fibres 
was observed in the membrane dm. On being cmslied, it not only enlaiged, bat 
became elliptical, and bore very considerable pressore before being raptured. This 
membrane (cho.) appears to be the chorion, which we shall subsequently find to become 
villous in the uterus (par. 222. 223.). It exhibits no small degree of elasticity. 

Fifth Stage of Deoflopment. * 

173. The ovam seen in Plate VI. fig. 105., is one of 35| hours, and measured •jV"'* 
It was found near the middle of the tube. The thick transparent membrane / bad 
more refiucting power than in previous stages, and a^feritiet were oUerved on its 
muter surface ; that which previously seemed to constitute its external part having 
separated in the form of the membrane cAo. described in the preceding stage J. Instead 
of being invested, as in fig. 104. a., by a comparatively thin membrane, the membrane 
f was surrounded by a substance having a gelatinous appearance. I'he outer surface 
of this gelatinous looking substance, however, appeared to be constituted by the same 

t I ham met with an ofom of twenty-three houn (in the Fallopian tube) differing from the one now under 
eomidmtioa, in dia« IwiBg widun the yeOi-ball (e) MvenI Imge tcmcIm oocnpiFiiig tbe atutioo of Itie 

ellip^idiil mass in fij;. 103. a., and turrountling a vrsirlc (t;mniniil vcsirlc ?) npparctitly having an af t t i t f 
(germinal spot ?) within it. TheM veaidnt were contained in an obscurely gianuloDs and fluid ydk. 

t Fhte IX. Sg. 158. nimwati tin mods of origia of tte cborioin. The oTvm wen m On Sgure was one 
of seventeen hours, and found with five others near the middle of the Fallopian tube. It mesMured about 
Tbe chorioo (cAe.) was liaiiig from the thick transparent membrane (" zona peUncida") /, and suirounded by 
wiwt remstned of the gmales (vestcle«) of tbe tuoica granuloaa. 'llie cborioo wm thus in « atice betweca 
the stages represented in Fbte VI. Igi. 104 sad lOS. while titt inAeiiMr of the ydk-hsll (r) wss kis advsaeed 
tfamn (bat in fig. 104. s„ the gmnunl vcmie faciqg itill seen (psr. ISS.). 
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luembmne {cho.) which in the lu^t stuj^e closely invested the iiicinbrunc /. li un ovum 
of the present stage (fig. 105.) be crushed, tbe membrane chu. presents a sensible de- 
gree of thieknesB, and tbe flnid (/^) lying between that membrane and the thick 
transparent membrane / a found to have no small consistence. The yelk of the ovum 
seen in fig. 105. did not present aa appreciable difference from that in fig. 104. 

SSxtk Su^ <^ DeoehpmetU, 

174, An ovum of fonnd mth that jnst described (Plate VI. fig. 106.) is exhibited 
in fig. 106. The membranes c/io. and / were in very nearly the same condition as 
those in the ovum fig. 105. The iiieinbrario e, however, tif Al' 1'>s. had disappeared 
(hy liquefaction) in the ovum fig. lOti, and there tu> 1f>[i{jtM existed a granulous yelk, 
as at «f in fig. 105 -f-. In the ovum fig. 106, tbe thick transparent membrane^ {" zona 
pdlucida") vas filled with a inuupareut and colourlesB fluid (d) which it may be 
proper to designate the ydk. The centre of this fluid was occupied by four large ve- 
sicles. These vesieles were spherical, but somewhat flattened. Tbey had a very high 
refracting power, and being exceedingly transparent, the contour of the remoter 
ones was distinctly visible through those nearer to the eye. Their conrents appeared to 
be a fluid ami granules. JSoiue of these vesicles presented in their interior a minute 
pellncid space, w hich may possibly have been a nucleus |. 

Seventh Stage of Det'ehprnent . 

1/5. In an ovum somewhat larger, found in the Fallopian tube, a new set of 
vesicles (Plate VI. fig. 10/.) bad arisen, more numerous and smaller than the last, their 
appearance in other respects being the same. Tbey also occupied a similar ntuation. 
The membranes of this ovum, not difi^ing except in use from those of the ovum last 
described, have not been represented in the present figore. 

Eighth Stage of Development* 

170. In another ovum from tbe Fallopian tube, the vesicles in tbe centre of the 
ovnm (Plate VI. f^. 108.) were found still more numerous and still smaller; in other 
respects not differing from those in figs. 106 and 107. The membranes of the ovum 
were in a state very closely resembling that of the corresponding parts In fig. 106. 

177. The ovum probably passes through stages, which. In both the rise and number 
of its central vesicles, are intermediate in reference to timt I have endeavoured to re. 

f Hue tnn " jdk"^-«» apfilied to (in eantento of tte vniiiii mide of Bakk — ^has not been diacontinmd 

in thifl memoir: b«t from the factis recorded in it — nnd more pctfticulorly from tbe changes delineated in 
Plate VI. fig«. 105§. IU6. 107 and lOS. — I am dispoeed to questioo tbe analogy whkli thla term implies (par. 
IM.and/fftfe.aiS.). 

{ I^tcr oK«cr\atIc>n>i strengthen thi» supposition, and t-naWc me tn extend it to vciclc? In the fucTicdinp 
•tagea. The nucleus was ii'ct; distinct in each of the t«-o vesicles occupying the centre of the orum in fif^ 1 1 < '> \ . 
* ttige obfioiidj bctwem nf " FUUi*' mmI "Sixth/* but not ant wiA in tinw to te deMribed la it» i>ruptr 
pkice. The pellucid nucleus, however, in •& o( tbew wikIh, Mnu tobe pamt dniisg a certaia period oa^ 
of timr «untenoe (pnr. S15 to S17.). 
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|kment in fig. 108, and the condition to be nexl described. The figures given, howw 
ever, will suffice to show the nature of the process, which may, perhaps, be anatog^ous 
to that observed by PoucHBT-f- in the ovum of a species of Litnneens. Possibly also, 
the divisions and subdivisions first noticed by Prevost and Dumas in the ovum of the 
Frog, and now known to oocar in the ova of other Batraehian Reptilca, aa well as in 
those of certain Fishes, may be referable to a prooew of the samektodl (par. 807* 818.). 

Ninth Stage of Development, 

178. An ovum of sixty-three hours, and of is represented in Plate VI. fig. 109. 
It was found in the Fallopian tub*- within about an inch of the uterus. The 
vesicles seen in the centre of the ovum — still minuter than those in fig. 108, and 
much more numerous — bad ceased to be transparent, and were punctate from dark 
globules, apparently on fbeir outer surfikce. Ilie vesicles were nearly of equal fit e, 
and mearored each about tW"* structure formed by those vesicles pfesented a 
curious resemblance to a mulberry. In the ovum, fig. 109, this mulberry-Uke object 
had a diameter of Vr'"- '^'bc membrane / was irregular in its thickness, and at one 
part had become very thin (par. 190.). Plate VIII. fig. 128. represents the same ovum 
crushed. The chorion (cAo.) became elliptical (pars. 172. 2'22.), a change in form not 
portidpated hy the membrane The contents of the ruptured membnne /, pro- 
ceeding no Ihrther than the dotted line, showed this to be the Inner aurlhee of a thkk 
membrane— the chorion — which (inner surface) had been concealed by an equal re- 
fracting power In the fluid f\ The fluid y in tliis instance had a tinge of yellow. 

179. Von Uakr found a little body in the Uterus of the Dog, near the tube, u-hicli 
seems to have been an ovum in a state resembling that of the above. He detjcribes 
it as consisting of a minute central sphere which was opake, with a transparent halo 
or peripheiy. The central sphere (my mulheny-like structure?) he conjectures may 
have been the intdtns or future intestinal sac, and the periphery he sapposea was the 
" membrane oortlcale." 

TaUh Siagf ^Devebpmmt. 

180. Seven ova, one of which is exhibited hi Plate VI. fig. 110, were found in the 
Fallopian tube witlun about three quarters of an Indl of the uterus. The mulberry- 
like structure measured Vr"> presented a greater number of vencles— which were 
still somewhat smaller than the last — and the interior of its vesicles was more di'itinft. 
Their increased transparency seemed partly referable to the absence of dark glubnks 
seeu in the preceding stage. Having a high refracting power, their outline was ex- 
tremdy well defined and sharps more so than I have been able to represent it with a 
pencil. Wlthki each veside was seen an ofajjeet^ resembling the **gennh»l veside- 

t Frofwp'a NotiaeB. No. ISS. JxUSi 1SS6. 

: Schwann has su^eatcd that the divinoM b qoHlioii b flw omm of die ftO§,maf, ]MAa|Mi. be ledhMiUa 

to K "cell "-formation (f. c. pp. Gl. C2.). 
i In one inatance two of such objects were observed in the same reside (par. 317. Note.). 
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like nucleus" observed by VALBNTiN-f- in " globules" from various purls oi the nervous 
i^teiii. This object was round, oolooriess, and pellucid, and contained acentral dark 
point, membting the **oorpQick'* of Uie above author. The chorion (cho.) was 
diltingnishable from the fluid Plate VIII. fig. 130, exhibits another of the seven 
ova crushed. The membrane y is here seen distended and ruptured under the com- 
pressor. The mulberry-like object—when crushed — ^not only filled the cavity of 
that membrane, but a part of it t^aped, and its vesicles became pressed together 
into figures of several sides. The nuclei remained unaltered: their dark central 
points (niideoli)i hmrever, in this instance had the appearance of globules. In the 
space between each vesicle and its nndena, and chiefly mmmd the iuUer, were now 
seen grantdes. Many of those granules, esciqied from ruptured vesicle^ are r^re- 
sented in the figure, lyiqg in contact with the chorion (cAo.). 

The ia^ortance of examining Ova from the fU&^ptSft Tkibe, 

191. CamnsBAifKl found 0T» of dwRabUt in the tttbe^ and we are indebted to him 
for very important information regarduig their minuteness $ but the microscope in 
hb day was not in a state to admit of his seemg tbcar internal structure. His figures 

therefore are mere specks. 

182. There exists another representation of an ovum of the Rabbit (and T believe 
only one) taken from tiie Fallopian tube. It is contained in a paper by T. Wharton 
Jones ^. That ovum was one of "the third day," found with five others in the tube 
" near where it enters the bom of titeutems,** and in sine ("^Mh of an inch**) appears 
to have been between those whidi I have rqwesented in Plate VI. figs. 109 and 110. 
My observations corroborate those of the author just mentioned in reference to the 
appearance of the envelope in ova of this period, but they do not agree with his views 
as to its real nature. T. Wh.^rton Jones describes this envelope as "a thick gela- 
tinous matter." In all the ova I examined, the outer portion of the envelope was 
already in the condition of a fimned membraneir which condition it had ft<om the 
first retained (Flate VIII. fig. 138., Plate VI. fig. 1 10. cAo.). (Hie preiious existence 
and mode of origin of that membrane I have already shown in Plate VI. fig. 104. 
«. and |3. and in Plate IX. fig. 153.). In reference to the interior of ova of this period, 
my ob«*>rvations do not enable me to corroborate those of .Tones ; who remarks^ 
" the granulary matter of the yelk was coherent." (Contrat>t with Plate VI. tig. 105^ 
to 110.) 

1 88. Vmon and Dumas -f-f ^oand no ova of dther Dogs or BaUHts in the fUlopian 
tnb^ and the smidlest ova tb^ saw in the uterus measured I*". Cosnt:{); has not 
figured an ovum from the tube in any animal. This author remarks^^, ** after con- 
ception, we have stated, the vesicle which we know to be the analogue of the vesicle of 

t Ueber dca Vedavf md dbteten Enden der Nerven. figs. 51, 52, 70. 

I L. e. § Philosophical Transactioas, 1837, Part II. plate xtI. fig. 1. 

I L. c. p. 339. % L. e. p. 339. tt L. c. V* Embryog^nie Compcir^. |i pp. 109, 110. 
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PuiiKiNjBt disaolm, and the ovnm then preieats itself under tbeaspect of a crystaUbxf 
vetide petfedfy homegeHomt, The space which was occupied by the yelk, the con* 

(krisation of which has served to form the blastodenna, is filled with a ttanspannit 
fluid." Will) this statement I would contrast nine stages of the ovum of the llal)l)it 
from the Fallopian tube (Plate VI. fiir"; 103 — 110), Von BAER-f- has tiguivd one 
ovuui from the Dog, found in the Failupian tube. It would not, perhaps, be fair to 
contfast this with Ofa from the Rabbit ; but the PirofeBBor certainly came prematurely 
to the conetosion that " in thdr passage through the tube the ova of Hifammalut 
undergo scarcely any metamorphosis at ail." I rvfer to Plate VI. figs. 103 — 1 10. 
in proof that there is at least one of the Matiunalia to whieh this statement is inap- 
plicable. Doe>: the Dug differ so widely from the liabbit, that iu the tube its ova 
undergo scarcely any change ? 

Elewaih Sf9ge ^ Devdapmmt* 

184. A layer of vesicles (Plate VI. fig. 111.), in all respects of the same kind as 
those constituting the imilheiTy-Hke appearance before mentioned, had now been 
added. This layer -reseinhling an epithelium — lined the raembrane/', whieh it will 
be remembered bad been the thick transparent membrane, or " zona pellucida" of 
the ovarian ovum. The mulberry was still in the centre of the yelk. 

Tweffih Stage of Development. 

185. Tlie mulberry-like structure (Plate VI. fig. 112.) was on its way from the 
centre to the surface of the yelk. (The chorion {cho,) in this instance was distin- 
guishable from the iluidy.) 

TJ^rUaah Stage of Development.— The true Germ.— The to-called ** Serenu Lamina 
^tke Germinal Men^ram/" a Stmciure ^ stAordmale Importenoe. 

180. In this stage the mulberry-Uke structure (Plate VI. Ilg. 113.) has reached the 
surface of the yelk ; its own vesjrles on one side, as well as some of those of the 
peripheral layer, have disappeared, and a vesicle contained in the mulberry-like struc- 
ture comes into view. This vesicle lies in close contact with the membrane J'. It is 
flaodd, and in its present dtuation appears flattened and dliptical. It contidns a 
fluid and dark grannies, and highly refracts light, wbiidi seems partly owing to the 
presence of those granules in considerable quantity on its inner surface. In two iih 
*itance8 this vesicle measured in its long diameter about -jV" ; in another instance 
lather less. In the eentre of the fluid of this vesicle is a spherical body (bb), yel- 
lowish brown in colour, and composed of a subfitance having a finely granuiuus ap- 
pearance, which is distinctly circumscribed. It has a cavity in its centre contoining 
a colourless and brightly pellucid flmd. This hollow spherical body seems to be the 
true germ. It measomi in the present instance (fig. 113.) its central cavity 

t Uttte. tic, tg. a. m. mi HI*. 
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less than I have stcn the stage now before us in a considerable number of 

ora nieasuritig y" and 

187. Anthora on tte ornm of the Bird deieribe their ** primtttve trace" of the em- 
bryo as ori^nating in that which has been denominated the "central, thickened part 

of the g^erminal membrane." In tli»* mammiferoiis f)vnm now under consideration 
(fig. 113.) the vesicles lining the nienibrauey' appear to me to represent the so-called 
" germinal membrane" (or what has been denominated its " serous lamina"), and the 
rem^ of the mn1ben7»K1ce straetare seem to oorrespoiid to that ^rfdeb hat been eoa- 
eidered its " central thidcened part* If, however, Ihcte to be hereafter stated should 
render it very probable that the fbundation of tlie neu' being is that contained within 
the mulberrj-like object, figs. 109 to 113, it will perhaps appear that this foundation 
is no part of anj' membrane. The layer of vesicles (am.) linint;^ the membrane f 
(fig. 113.), with those previously constituting the external part of the uiuiberry-like 
object, we shall find to form a structure of subordinate iraportanc&— the amnion (par. 
199. 200.) 

Fvurtvcnth Stage of Dei elopment. — The Area pe/lucida. 

189. The vesicle described as contained in the mulberry-like structure, and u.s 
coming into vieir in the preceding stage, ^vas no longer to be discerned in the ovum 
rq»resented in Plate VI. fig. 1 14. In its pfaice tliere was an dliptical depression (a. 
filled with a colourless pellucid fluid, presenting an indistinctly granulous appearance 
at its margin, and containing in its centre the gtrm {bb), whieli had neaily the sjiine 
appearance as that in fig. 113, but was somewhat larger. The elliptical depression 
here mentioned appears to correspond to the area peUucida of authors on the Bird. 

FlfSleatth Stage qf Devdopmeni. 

190. The vesicles forming the outer part of the mulberry-like atrnctltre bad coa- 
lesced, where in contact, with thos<' of the layer (Plate VI. fig. 11.5. am.) lining the 
membrane /; but they htill formed a projection. The membrane / was attenuated 
(par. 17^-), and projected in some degree at the part where the germ was observeil 
to fie. (In another ovom found at the same time, slight pressore caused a sort of 
hernia at this part, one of the vesides in the layer am. protmding throogfa the men- 
biane^ Ttnsattennation of the membrane / may perhaps have reference to imbibition.) 
The vesicles am. appeared enlarged or flattened, and pressed together into polyhedral 
forms (Phite VTII. fig. 129.), and dark globules were seen at their periphery. The in- 
terior ol tiiuse vesicles was very distinct ; and if the figure now referred to be com- 

t Perlia|M it would be more comet to consider the ▼eaicle its«lf (which fonna the ioteiior of the mulbenry- 
like utmctav) wlfli Oe wliole of Hi coatenM m ibe tm gem. Hie putolv period «t «Udi the JisnMlioii 
of the gprm (a? such) — within the mulberry-like object — oommenoea, my ohw natloas do not enalilc me tf» 
itHte ; bat in s atage •ppvcotly ratlicr more idnuMed than thkt represeutcd iu Plate VI. Sg. 108, I baTe 
•MB, OB die afvieitiaB of gevtk preaaure, that tkeBueali|i]Miieal objects, occupying theccntseeftiievm, 
coDtileiii % flokl ia iM iDtorior. 

HDCGCXXXIZ. 3 U 
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pared with Plate Vltl. fig, 130 (wbich fcpresents an OTum of the Tenth Stage)j thera 
will be found this difference ; that in the spaoe between the membrane of each vesicle 
atid its Qiiclcus there are seen in the present instance (fig:. 139.) a number of dark 
globules, not present as such in the earlier stage (par. 180.). 

191. Von Bakr appenrs from his description -|- to Iiave met with ova of the^Dog in 
either this or a neighbouring atage ; though cerluiuiy no drawing given by tiiat euii- 

. nent observer enables me to recognise the resemblance. He mentions having ob- 
served a mass of grann1c8« which was conical in the minuter ova, and in those more 
advanced discoid in its fimn. 

Sixttenik Stage tf Detfebpmtni, 

192. The layer of vesicles am. in the ovom Plate VI. fig. 116^ appeared to be 
passing into the condition of a membrane. Those parts of that layer which formed 

the sides of the area pelhicida (a. p.) were raised and approaching one another, wlule 
at tlio cnd«5 of that pellucid space there was no scirh tendency, but, on the contrary, 
the ap|)earance of depression into a sort of channel. The sides, here seen to have 
been in near approximation, appear subsequently to come into contact and unite 
(Plate VIl. fig. 121 D.). (If this suppositioB be oorred^ Plate VII. fig. 193— repre- 
senting a much later stage^-^hows this union to have taken place at one point ; and 
in figs. 121 A. and 121 6. the union has been more extended. In fig. 123. there is seen 
a cIk idar space on each side of the point of union. These circular spaces seem to 
r( [»resent tlic pacts which in the sixteenth stage had the appearance of being de- 
pressed into a sort of chatmel, or in other words, exhibited no tendency to become 
raised over the area pelliicida). 

Seveniemfh Stage <^ DevdepmeMt,^CeHinU and Perij^end Portkm ^ ihe Germ,— 
Origin ^ ike Lamina tniteipieiitfy tMuetUar, 

198. About this time the germ separates into a oentnl and a peripheral portion. 

In the figure representing the present stage (Plate VI. fig. 1 17.) the ovum is seen in 

profile, and tlie germ therefore is not visible. (An i(h'a may be formed of the sepa- 
ration here mentioned from Plate VIII. fig. 148, in which 6b^ is the central, and 
the peripheral portion of the germX-) 

t Lettre, &c.. p. 11. 

* The geim is here reprecented in its vcsictc as seen while etili in the centre of the oTum. (The mulberry- 
like itnietore wu inpabet. uid henee die pottibSlitf «f eeany die dbjeelt in Ua intnior.} bi das inrtnce 

the incipient scpanition of the germ into a central and a peripheral portion nppciiniJ to have been premature. 
Then centra] and periphenl portioos of tbe gemi ue icpreaeated in Plate Vil. figs. 121 A. 121 B. and 122. 
M' awl H*. Whether dwy veaUy iiim bam a KpendoB of die object bb (Plate VI. fig. IIS to IIS.) into two 
(MMrdoiia, fnture observation must decide. Pocaibly the object bb disappears by liquefaction, and a linear tncej 

corresponding' to the " primitive tract- " of autliur* on the nird, arises in its place. In either cuse, liowevrr, 
the terms cenirei and peripheral portion of the germ will be useful in tbe present memoir, and in cither case the 
imteyo doe» not MiM ID lihe onMuioe of a iMMil^^ 
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194. Before mentioniiig tbe most remarkable feature in this ovum, I would refer 
to the opinion generally nouved at preaent r^rding tbe manner of ori^a of the 
** nmoom hunina** of the «M»lled geradnal membrane." This, however, has hitherto 
been the rabject of conjecture only, as will be amply shown by the following extract, 

containing perhaps the latest that has been written on the subjects and it oomea from 
a very high authority, that of Rathkr-^. 

" Pandrr, Baer, and J, — the former in reference to the Ciuck, 1 in reference to the 
Cmfisb, — have used the expression that it [tbe mucous lamina] separates by splitting 
from the serous. We thus gave it as onr opiidon, that tUs process consisted in the 
splitting of the gemriaal membnuie. More recently BAUMOARiitKn hie eiqnessed 
doubts of snob an origin of the mucous lunina, and advanced tbe opinion that it be> 
conies deposited upon the serous lamina, by the latter exercising^ an attractive in- 
fluence upon the yelk, which determines single parts of the same to armiige them- 
selves densely on it (the serous lamina) to form a new structure [the mucous lamina]." 
The Professor, after stating his objections to this opinion of BAUMoiaitiaB, says there 
are only two ways ooneeiTable in which the mucous lamina can arise, vis. it is dther 
thrown off by the seroos hunina, or originally there exists a single mass which splits 
into the serous and mucous lamina*. In order to obtain a solution of this question, 
he again examined the ovum of the Crafisli ; hut as tliat did not satisfactoi ily finni>h 
it, be concludes that it would be advisable again to exuuiiue the uvum uf the Bird. 

106. We thus see that there hi still great uncertainty as to the manner of origin of 
the ** mncoiis lamina** of the so-called ** germinal membrane.** I have no speculations 
to oflhr on tbe subject, and shall do little more thai^ refer to figures in which it has 
been attempted to represent nature in ova of one of the Mammalia. 

1 96. From tbe region occupied by the germ, tliere extended in tbe ovum representing 
the present stage (Plate VI. fig. 1 17.) a hollow process (bb^') consisting ot exceedingly 
pdbteid objects, whidi hung loosely together, and were someiriiM depressed where In 
oontaet. This process seemed to pass thrpogb the central part of the now flattened 
mulberry-lilce structure, before described, and to be connected with the germ. In 
what manner it was so connected my observations on that ovum do not enable me 
with certainty to state; ttrit later stages show it (the process in question) to enter 
into the formation uf u structure (bb^') continuous with that which I have called the 
peripheral portion of tbe germ {bb^ in several figures of Plate VJI.). In later stages 
this hollow process attains a sixe sufiment to line the cavity, the centre of which it 
occupied in the ovum, fig. 1 17 ; and probably in proportion as this process widens at 
its origin, the remains of the former mulberry-like structure disappear. Provisionally 
I nmy perhaps be permitted to consider the process in qticstion as an incipient state 
of the umbilical vesicle. Should it prove to be so, its mode of oriirin must be very 
different from that which has hitherto seemed the most probable to authors on tbe 
ovum of the Bird (par. 194,). ^epdlndd objects which hang together and constitute 

t Z«r Morpliologle SciwIwaieilniQgem ana Tkvkii, p. 104, 1887. 

3ua 
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the principal part of the process in question, appear, howeyer^to be the foundation of, 
not tbe mucotts, but tbe tuitcular laniina of Ibe nmbilieal rcaicle; wbich latter, tberc- 
iote, according to my obeervationa, is the first of those two laniiue coming into view. 

Tbe observations by RATHKE-f- on tbe Crafisb, above referred Co, seem to me to coo- 

tain internal cvidonoc corrol^nnitin.!^ the description I have just j^ven. Thus he men- 
tiotiK a layer oi liuiiuti ulluainnous grannies as present on tht* inner or yelk surface 
of the genu, suuu after it has arisen, these gruauleii being in !>oiue parts very loosely 
connected among tbemaelves. Sdli more in accordance with my obserratimis on tbtt 
origin of tbe umbilicsl ve^e in Mammalia, are those of tbe same eminent anthor in 
a former series of Researches^, on the first trace of the subsequent poflterior half (that 
is the abdomen) of tlic Crafisli. Tliis structure, according to Rathke, presents itself 
ri^ a ffttlr sue, Jiiicli/ sranuluus in its subatancCf issuing Jrom the bottom qf a depresaon 
fxisting at the surj'ace of the yelk. 

Eighttenih Siage <^ DagdopmenL — I^lni Gumge tin Fi^rmpretaUed Ay the Germ. 

197. In Plate VII. fig. 118. UK tbe central portion of the germ presents a pointed 
process (par. 313.). In previous stages the germ had a finely granulous appearance, 

and was comparatively pale in colour. In the ovnm now before us (fig. 1 18.) the cen- 
tral portion of the g^rm was nearly black, appati-ntly from globules of extreme mi- 
nuteness. It seemed distinctly circumscribed, and contained a j>ellucid cavity in its 
larger end. It measured in length (The embryo in its most incipient state is 
subject to condderable variation in both its form and tbe appearance of the gld»nles 
of which it is composed. Of this an instanre is alTorded in fig. 121 D.)§ 

198. A daik object, represented in the middle of the same figure (fig. IIH.), ap- 
peared to line part of the inner surface of the ovum. That object was so obscured by 
blackish globules that 1 remain in entire ignorance of its structure; and having seen 
.but a single ornm which in reference to tbe object in question was in tliat particular 
condition, I am equally incapable of stating in what manner it arose. Tbe process (W) 
described in tbe preceding stage was discernible, and tbe daric object in the present 
figure may possibly have been situated in the interior of that process. We shall find 
api>arently the same object to present itself in later stages (par. 203 — 206.). 

190. TIh" stratum of vesicles am. (fig. 118.) had passed into the condition of a 
uieiabranc, ami tlie space containing the germ had become more defined. I'he cause 
of the latter change appears to be the foUowings which, however, is oflfeted as no more 
than probable^ as my observations do not extend to a period snffidently advanced to 
admit of certainty. That portion of the membrane am. (see tbe figure, and more par- 
ticularly in later stages, figs. 121 A, 121 B, and 133) which surrounds the germ sinks 

\ Zur Morpkolo^ie, &c. p. 106. 

t Uebw die Bildung und Entwickclung dos Flu8»kreU«e», pp. 12. 

^ Ste that poitlon of the Note to par. 193. which relates to the possibility of the object bb (PUtc VI. fig. IIS 
to 116.) iSmffmAig bf KqpwfaetiMi. 
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in, while the cxteriKilly adjacent portion of the same membrnno Oim ) U raisrd, — the 
IMul raised being double. The sinking in of the membmnL' am. around the germ, I 
ijup|K)«e to indicate the commencenient of a risiug or separation of the latter from the 
sarfiwe of the yelk ; and the elevRtion of the adjacent and eternal poi tion of the same 
membrane (am.) appears to me to denote the incipient formation of the amnion. To 
those who hav(; investigated the development of the Bird, this will be ikmiliar. For 
the infonnation of others it may be added, that (if the explanation given by authors 
on the ovum of Birds l)e applicable to that of Mammals) the double membrane am. — 
by continued elevation — is made to arch over the eoibryo, and finally to meet and join. 
The outer lamina (of the fold of membrane raised) i« then thrown off, while the inner 
lamina conatitotea the amnion. I refer to the plates of BAia*!-, showing the mode of 
formation of the amnion in the Bird. 

200. In adoptil^, however, the explanation m liich has been given of the manner of 
formation of the amnion in the Bird, I inu'-t be understood as maintaining — in opposi- 
tion to the %'iews of others — that liie int*m!)ranc so appropriated in Mammalia is no 
part of that structure out of which the embryo is formed (pur. 1870> The membrane 
now referred to as forming the amnion, is that marked am. in Plate VI. figs. 1 IS — 1 17. 
It consists of the epithelinm-Kke layer of vesicles (fig. 1 1 1 .) on the inner surfiMe of the 
membrane /, to which the vesicles presenting the appearance of a mullMirry are snb* 
sequentiy added (fig. W'l), and with which tbcy coalesce (fig. 115.) to form the 
membrane am. in later stages (see Plate VII.). 

^ihuteaiih Stage vf Devdopmeni, — HoUow Nehoorh m the Ovum, 

201 . The process (Plate Vil. fig. 1 19. M^.) first mentioned in the seventeenth stage 
(PUifteVI. fig. 1170> ^ consisting chiefly of pellucid objects hanging loosely together, 
has now enlarged so as to apply itself to all parts of the inner surface of the mem- 
brane which in other figures has been marked i/>n. It now constitutes a membra- 
nous hollow network^. In Plate VIII. fig. 132 is exhibited a puriiuu of this network 
highly magnified. It preaents elllptioal enlaigement^ cootaining a yeUowish turbid 
flidd, and a nndens which is spherical, colouriesa, and remarkahfy pdku^ Around 
each of these nuclei are dark globules. The pellucid objects entering into the form- 
ati<m of the process bb"^ in Plate VI. fig. 117 appear to have been incipient vesicles 
Just rising from their nuclei. It is probable, that subsequently those vesicles distend, 
and at the parts where they are in contact with one another, coalesce in such a manner 
as to make their cavities cuntiimous. lu tliia way the structure by distention may 
form the hollow network just described 

f U«ib«r EotwidcelnngagcMliidite der lUot. BcotMclitaBf imd Rdkika. Enter TheQ, tkb. u. ; aho 

Burdach's Plnslolci^c, vol. II. tu1>. iii. 

} Thia ovum measured ^" + • I i>avc met with ova of 2'" appaicotly not more advanced in reterence to the 
BctwoHc (par. 167. 168.). 

$ We »hall lie rcafter find Uiis explanation to be in aocorine* with Dr. Schwann's view of die node flf 
Migia oCcapiUaiyTCaMla Qnr. 295.). though it is ■notiier atroetan which i> hen pniuoed. 
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Twetttieth Stage of Development. 

202. The network lias disappeared f^PIate VII. litr !2(> ), but the nuclei (///>2') which 
were contained in its enlargements remain. The nieinljiane of the network appears 
to have liqucticd, and furrows filletl with fluid mark its toruier (situation. Some of 
this fluid surrounding the nuclei, points out the plaoe prevknisly eecupied by the 
enlafgemenl* in the network. The nuclei have still the peripheral accnmuIationB of 
dark globules, which existed while they were coutuned in the network. 

203. The nuclei are situated on a lamina internal to them. This lamina may, per- 
haps, be the dark object mentioned in the " eighteenth stage," which ha"; runv enlarged 
so as to contain the yelk. Whether this lamina is the foundation of the uiueuus lamina, 
or whether it contributes tu the formation of the lamina subisequentiy vascular, or to 
t^t of both, my obserrations do not enable me to state. 

304. The furrows yisible in the twentieth stage have disappeared i but the pdUndd 
nudd remain (Plate VII. fig. 131. W*.)t and are still surrounded by dark globnlcs-f. 

Multiplicitji (if parts in a minute Ovum. 

205. The ovtim from which fig. 121. was taken meiisured A drawing of that 
ovum occupies the centre of Plate VII. (fig. 121 A.). 1 do not suppose, that with the 
condition of the future umbilical vesicle exhibited in fig. 121 — and forming my twenty- 
first stoge-^he state of the whole ovum is always such as that in fig. 131 A, — because 
as already said Qmut. 168.) the parts do not necessarily keep pace with one another^. It 
may, however, be desirable to mention the Structures of wliicli that ovum was com- 
posed. (In fig. 121 A. it presents the appearance of incipient collapse; this having 
been the effect of tlie fluid — kreosote water (par. 239.) — in which it lay wheu drawn.) 

206. Proceeding from the exterior inwards, we find the parts of the ovum in ques- 
tion to be as foltowB t Hm. dio. k the diorion ; fluid ; d. yelk which has escaped 
frmn its cavity, and not mixed with the flaid/^ ; /, the thick, transparent membrane 
of tlie ovarian ovum (^lona pellncida**) ; om. the amnion ; am,/, a part at which 
the merobmne am. now adheres to the mmbrane / ; central, and bbl* peripheral 
poi tioT! of the germ. Continuous with the peripheral portion of the germ is the sub- 
sequently vascular lamina of the umbilical vesicle, btt'^f having a lamina internal to 
it. Within the part last mentioned is the yelk. 

207. Thus tbe ovum of the Rabbit may pass through at least one-and-twenty 
stages of development, and— as in the ovum just described — n»y contiun, betides tbe 

"t Von Babk has figured objects seen in an ovum of the Dog. which ftppeai to have coiretpoaded to tbe no* 
dei and dwk ^obaln •bove-nuBtioBed. (Lettn^ Ae. p. 19. V*.) His desoiptiDB of Oob, howem, doc» 

not at nil areord with rny obsciTAtiona on ova of the Rabbit. 

X And I have met with ova many times as large which vrerc not more advanced in Uicir development. 
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embryo, four membranes, one of which has two laminae, before it has itself attained 
the diameter of half a line; one membrane moreover (denoted by the letter e in some 
of the Bgam of Plates V. and VI.) having disappeared by liquefluiliOB in the FUlo> 

])i;iti tube. Hence the importance of exaimniBg ova when minute. The smallestova 
found by Prkvost and Dumas in the Dog, measured half a line, — that is, rather more 
thnn the ovum I have now described. But the ova met with by those observers 
iscemed to tbem to consist of a single membraJie-\: Von liAEK^ meutions ova from 
the Dog of the same sise (I'") as composed of iwo manArmeSt the inner having gra- 
nules on its internal snrfiwo (par. a04. note). It is, however, only fair to add, that 
the size of minute ova affords no criterion <ii the degree of thdr development,-«aiid 
also that in this respect there mny be a difference in diflerent animals; though these 
considerations are scarcely suthcient to explain the absence of two or three mem- 
branes. The membrane/ — unless its presence has been ascertained from the exami- 
nation of very minute ova — may easily esci^ notice as a sq|iarate stmctore in ova 
more advanced^. 

Adhetion heiween the thick transparent Membrane of the ovarittn Ooum and the j|f«m> 

bra He which Jbrais the Amnion. 

208. It lias jii$t been stated that tfic membrane am. adheres at a certain part to 
the membrane /(Plate VII. fig. 121 A. am./.). 1 have obst rvfd, that the points ad- 
hering do not constitute a complete circle or ellipsis, but arc interrupted at that part 
which is in the neighbourhood of the caudal extremity of the onubiyo. Here the ad- 
hesion (at least ori^nally) does not take place. This adhesion appears to correspond 
to one known to occur in Birds ; and possibly it takes place in tlie Mammal for the 
same purpose as that which it is supposed to answer in the Bird, vis. to promote the 

t L. e. No. 188. p. 182. Pnvon ud Duiub uliite udMd tfatt Itigtr on «f tb* Dog. vb. f^to 1'", cm. 

sistcd of a single membrane. 
« Lettre, &c. pp. 11, 12. 

f T. Wsiafoir J«itn (f. «., i>. S41 . and ig. 6.) gItM fha fioHoiriDg deHriptum of two «*• fiiaid in tlie kom 

of the nteras of the Rabbit st-vrn days afUr imprL'piution, and mea-'^urinc; about Voth of an inch (between ^ 
ud I of a Rtnch line} ia diameter. " No ntelkiy membiane yna to be eeen. The gelatinoos-lookiog en- 
TdopecoMlitntodtiiO enlyeovoriagof tltt ydk, w1ibliB0w fcnDedft'fin^^ Hie cvri^of 

the gelntiamtt'looldng envelope wu much lai^r AoB the Tencular bkutoderma. The inner sorCwe of the 
t^u2atinoii« coat presented what I supjxjsed to be frtigment? of tlie vitcllary membrane adhering to it. In both 
ova the veakulor blastoderma was irregular on one side, that on whicii I »uppoecd the embryo waa about to be 
dcralflped. It «m bcgbudag to pneeBt ^ aepanitiM into li^en. and lurf d» mmm 

structure ns the blastoderma of the Hen'a egg." In reference to this description, I am compelled to state that 
Plate Vin. fig. 138. represento the vitelhuy membmne (/) entire, as eeen by me ia an oTum of -A'"; that I 
]umiiotiiietirilbeB7audtpiheiwinenoiiwdieHpu«liaB«f*iBmt^^ enddutUMferndtofmr 
olieervations on the subject of a " vesicular blastoderma" — having n peculiar " friable globular stnicture"— 
may be found in Plate VI. figs. IO&4 to 117.. and in Plate VU. figs. 118 and 119. on. bit. and M^; «1m b 
par. 187. 192. 199. 200.. and par. 196. 198. 901. Tlie real Mtm of the " gelatiootte-looUng envdope" 
liaa been abeady eqdaiaed 179 to 174. 178. 180. 189.). 
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ri^gof the membrane am. for the formatioa of the amnion (par. 1 90.). In Plate VJII. 
fig. 146. ii exhibited an ovum drawn afto' it bad Irnn six weeks in dilute qnrit. The 
membrane am. (with its contents) is here seen to have been pendent from the mem- 
brane /, throu<j:h the adliesion now mentioned. Possibly this adhesion may assist to 
explain why the incipient eniliryo M'hich it incloses, is (as I liave found it) generally 
either uppermost or uuduriuost when tiie ovum is viewed in a fluid medium. The 
refations of the thick transparent membrane ("aona pdlucida*) of the ovarian ovnm 
In stages subsequent to that which I have called tbe ^ fifth** (Plate VI. fig. 105.), and 
the adhesion just (tescribed as taking place between this membrane and tbe membrane 
entering' into the formation of the amnion, may, perhaps, be considered as <?howing- 
the correctness of those wtio hati conjectured the thick transparent membrane to be 
analogous to the viteiiaiy membrane in the ovum of the Bird (par. 174.). 

Tke Embryo a Congerlet ^ Vtndet, 

309. Tbe precise condition of the embryo lias not been mentioned in the three last 

stages ; the fact beiiif,^ tliat its appearance undcrg-oes such rapid changes, and is sub- 
ject to such variation, that to liavc attempted to associate any particular condition of 
it with that of tbe parts rcpiciiciitiag those stages, would have beeu quite fruitless, 
and moreover calculated to mislead. Besides which, there are so many dark globnks 
mixed with the Testclcs, of which the embryo is now composed, that it is extremely 
difficult toaseertain what the condition of the latter really Is; — a difficulty augmented 
by the tendency in many instances to a sinking in at that part where the embryo lies. 
If however fig'. 118. be compared with fitr Vl\ A., the following differences will be ob- 
served. In the former, the central portion of the germ \bi^) presented globules uf 
extreme minuteness ; in the latter it was a congeries of distinct vesicles, of which 
moreover there were two states. Those most internal were smaller and appeared 
nearly bhidc; while those of the outer set were more expanded, and paler in tbeir 
colour. Tbe peripheral portion of the germ in fig. 121 A. was seen with great 
distinctness; ;ind between the central and peripheral portions of tbe c»Ttn there were 
extended cords lot uted of vesicles, having the appearance and apparently performing 
the office of retioacula. 

Stage* qf Development later than tke Tweniy^st. 

310. If I have succeeded in making plain the foregoing **stageB»'* later ones will 
not require to be described so much in detail. Nor is it my purpose to extend the 
present paper to stages in continuous succession, beyond that which 1 have called tbe 
twenty-first. 

Frogrtinoe Formation i/ikt Fiaeutar Lamina t^tke VMicai Festde. 
211. Tlie subsequently vascular lamina of tbe umbilical vesicle in the twenty-fint 
Stage (Plate VII. fig. lai. bH^,) consisted of scattered nuclei, having peripheral acca- 
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mulations of dark globules. lu astagesoiuewliat more advanced, though in an ovum 
of about the same rise (Plate VIII. fig. 160.), there were aeen, not scattered nuclei, 
but Tesiclea prened together into a polyhedral form, each micle containing* Its co> 

lourless and pellucid nucleti>i. Some of the nuclei contuned a dark globule; and 
in the vesicles wore f!^lol)ules, situated e.speei,i!ly on the micici (par. 304.). As already 
Stated, it is probably in this lamina that blood-vessels subsei|uently form'f. 

Arnitigement of the f 'esiclci' composing the Embryo, and Order uj' their coming into 

view as f^etneleji. 

212. A cuuiiiliou of the germ or embryo seen in Plate fig. 121 11, appears to 
represent the state sncceediog that esliibited in fig. 121 As and both of these figures, 
it may be added, were taken from ova of the same Rabbit. The germ in fig. 121 A. 

has been already briefly l efi rird to (par. 209.). If fig. 121 B. be compared with it, the 
following difTercnccs will be (tbsei vetl. In the earlier state (fig, 121 A.) the peripheral 
portiiin of the gvvm {hh') wiis cordate, — in the latter (tig. 121 B.) it was somewhat 
lyrate in its fonu. (In this respect, however, 1 have ubservcd .same variation.) In 
the less advanced ovum (fig. 121 A.) the central portion of the germ (&&') appeared to 
consist of two puts, an internal and an external,~wbile in that more advanced 
(fig. 121 B.) it consisted of threedistinct parts, — un internal, a middle, and RR external. 
Thus in the later stage a new jjart had come into vle\r. The new part seemed to be 
that wliicli ocenpied the mo.st central situation, part«^ ])revionsly situated there 
having been pushed farther out. Eitcli ut' the several parts or layers now referred to 
was so distinctly circnmscribed, as to appear almost membranous at its sarfiice. 

213. More particularly cooipared, the two figures in question exhibit fisrtber dif* 
ferences. In tlie less developed ovnm (fig. 1 2 1 A.) the most internal object was a dark 
trace, enlarged and Iiollow at one end, pointed at the other. In the ovum more de- 
veloi)e(i (tig. 121 li.) the corresponding part occupied, not the ino>t internal, but tliu 
second or middle place. Instead of being hollow merely at one extremity, it was now 
a hollow tube, with an enlargement at both ends. The part which had subsequently come 
into view (fig. 121 B.) was at the cephalic end. This part is shown more highly mag- 
nified in fig. 121 C. It consisted of two portions, one of which was spherical, and the 
other seeined ;i process from the first. The •spherical portion contained a cavity filled 
with a brigiitly pellneid fluid. The external surface uf tliis oliject was tlintinefly cir- 
cumscribed, and uimust meotbrunous. Its subatance appeareti granulous at some 
parts, and at others presented globules or incipient vesicles. At a certain part the 
formation of globules (vesicles) had proceeded so far as to constitute the process above 
mentioned ; and over this process the outer membrane (if such it may be called) was 
continued. (This object and the cttanges now described will perhaps serve to convey 

t Wbeditrtfaeluiiiuit^nMOtediBFlattVII. %. 121— aslnmiigtlietaMnedinicleiljiivoDH— «otm 
iittodwftiiMtdoBordieTemlMmFlite VIIl.%. IfiO. I im midilt to dcMrnuBa. 

HDCCCXXZIX. 2 X 
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an idea of the manner in which the central portion of the germ (figs. 118, 131 D. hf) 
undergoes it8j&«# change in forin, already painted out (par. I97.})i'- 

*2! J. In ftp-. }'22. is seen si morrndvanrtul coiKlitio!! (if flic same parts. Tlu> minute 
body corrcspnndiner to that just ii'lrri-L'd to iti fi^. 121 C had assumed in thi- (•inl)ryo 
fig. 122. aditt'crent form (resembling that ol tiie most central part in lig. 121 A.), and 
in a still hter stage (fig. 123.) the corresponding part had tn its turn become a tnbe, 
having very much the form of that which in the embryo fig. 121 B. occupied the 
second or middle place 

21.'). The parts arr dark in proportion as t\,v\ lie near to the centre of the germ, 
which seems owing to the less L'X[)aii(kd state of the vesieleti of thvt>e parts, and to 
myriads of others which are coming into view, 

216. In ftg. 123. is a band of vesicles forming a sort of arch. The absence of the 
membrane am. at certain parts has been already mentioned (par, 192.), in reference 
to this figure as well as others. One object of the open spaces thus occasioned, may 
possibly be to admit of rortain pai-ts of the germ or embryo continuing in more iTume- 
diate comuiunicatiou with the ( xterior than woidd liavelu-eti the case had a nu inbi anc 
intervened (par. 190.); and coincident with the txi.steuce of those spaces is the fact, that 
tbe vesicles forming the peripheral portion of the germ do not make their appearance 
there in the same quantity as elsewhere, — while the accumulation of those vesicles at 
the parts over which the n>embrune (un. does extend, presents the band or arch in 
question.— The peripheral portion of the {rerm (tncluding the band or arch just men- 
tioned), as already stated, is continuous with the subsequently vascular lamina of the 
umbilical vesicle. In later stages, as the central portiou of the germ advances in its 
size, tbe arch in question seems to undergo a change in its sitimtion, and to become 
relatively very surall (par. S19. and Plate VIL fig. 134. M'.). Is not the peripheral 
portion of the germ the foiindailon of the heart and great vessels? {Com|>are, for in- 
stance, the arch above referred to in Plate VI[. fig. 122. with representations by Pro- 
fessor ScHULTZ ^ of the origin of those parts in the Bird.) If so, my " penidienil portion 
of the germ" obviously corresponds to the "area vascidosa" of authors on the ovuui 



Fomndathn ^the Central Portion t^the Nervous System and of the Fertebne. 

217. In PIttte VII. Ag. 127. I have attempted to exhibit the viscenil sur&ce of tbe 
future central portion of the nervous system and the incipient vertebrttj in an embryo 

t 8ee dieNatetoiiv. 198. 

J In these fibres the cnlnrpf-ment at the lower cxtrrmin" indiotcs the situation of the future F:nn? rhom- 
boidali*. It u not intended in par. 212 to '21q, to be implied that no additions of vesicles are made extenudly . 
The utace ot thew« hcnravw, injr obMmtioBs do juit cbaMa m* to state. 

( Das System der Circulation in seiner EntT\icl;<liitj£r, Tab. V :r.,i] VT, $t;iU;:rirt iiul Tiililii^'cii, IS.TC. 

II PsEvon and Duma* appear to bate seen an ovum of the Uabbit in a state between that exhibited in uj 
Sgt. 138 ami 137. (t. e, fig, 13.). No obMmtkoi of mine leadi me to rappow widi PtcrosT and Dvmm tfaat 
lbs Spermatozoa enter into tlie f n niiitton of the central portion of the nervous syetem ; though at to the Mvlf 
aiqpaannce of this fan, my obftrvation* to a certain extent »gt*9 with tfaein (par. 313.). 
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which measured rather less than l^'" in length. The oviuit containing it was fixed 
in the ateras, and had a diameter of more than six lines. The period was 8^ days. 
This embryo was brought into view by dilute nitric acid. The fonodation of the spinal 

chord and its sinus rhoinl>oidnlis are visible between tlie two rows of incipient ver- 
tebrcp. Cruikshank-J- appears to have seen the embryo of the same animal (the 
Rabbit) in a condition reiieiul>iing this. 

jIn Embryo <^ remarkabk Mhmieness. — E0tclt qfFlexkn vf the Lmhrgo. 

218. I have stated that within certain limits the sin of the entire ovum affords no 
criterion of the di^gree of advaiR-emcnt of its parts. In only a single iiistniire, how- 
ever, liave I met with so remarkable a proof of this as is afforded in Plate Vil. fig. 124, 
where in an ovmiii of less than one third of a line, the etnbryo had attainefl a stage in 
its deveiopineiit ap|>roaching to that in another iiistuuee iu which it uieitsuied many 
times the length. In fig. 124. the embryo was only > — or about -^tb of an English 
Inch— 4alength ; being thus little more than half that of theobject ivpresented in fig. 122» 
though the latter was beyond all comparison behind it in the degree of its develop- 
ment. So rcriKirk;il)lc a \ hitioii in point of size is |)robably t>f rare ooenrrenee. 

219. The embryo of the ovum, lit^-. 124. is shown more highly magnified in li^-^s. 125 
and 12ti. As viewed on one side it niiglit have been compared to a sort of spoony 
but on the spinal surface (of which, however, I couU not obtain a direct view) it 
seemed in part unclosed. It was opake, had a granuloua appearance, and was yel- 
lowish-brown in colour. When first seen the cephalic extremity was somewhat bent 
upon it<tlf, as represented in 125 ; and at a eertain part the margin had become 
wrinkled. On slight pressui'e being applied, this extremity was observed to fall 
back into the nearly straight condition exhibited in iig. 126, when the wrinlcles were 
no longer seen. The connexion of tliis wrinkled appearance with flexion of the em* 
bryo is interesting. The embryo had the form of a niarrow>«poon. Flexion of such 
an object upon its hollow surface produced wrinkles at the margin. With Continued 
flexion the wrinkles would doubtless havo pas<»ed into folds. It hence appears that 
some of the earliest (iivi»;inns of the embryo into more special forms*, are rffecfed by 
the flexion on itself above described^. The tiuid in which the embryo was contained 
(fig. 124.) appeared somewhat gebitinous, and tivas in no small degree transparant, 
thongh In many parts obscured by dark globules. It seemed to be invested by a de- 

t L. e.. Tab. IV. 

} See figures of the embryo of the Conmnn Fowl m H«tcaK«'t p^er on tiM fint dflndflpHMnt of tbe ejre. 

Mkckel^ Arc-hlv, \ Scrli^tc- I5and. 

$ Several dark globules nuticeil lying together at one jwiut, perhaps indicnted the incipient formatioa of the 
eye. Unfaftnulelr ^ dnwiags m in little mora dnn mdiiie. The dtetdi. 1^. 196, m not cratneiwed 
tintil I had c\nmtiud the object for a considemblL' tinic. as to be quite sure that I understood it in all its 
part«; and then on beginoing to draw it, 1 had produced only what is nhown in fig. i'26, when the ovum be- 
eaiae ahnink, ■ouaewhitt dried, and to much altered, that I did not TeatuR to pmoeed, aadao additkn baa been 
nkde to tint dmriiig noM. 

2x2 
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licate membrane, which I conjecture was a part of, and continaons wHh, the layer of 

vesicles (am.) lining the membrane /'\: This layer in other parts, it will be observed, 
was very far behind in the dc^rfo of its development (par. ir>H.). Such was the ease 
also with the process forming, as i suppose, the incipient vascular lamina of the umbi- 
lical vesicle bbf^. The situation of the latter etructare was Mich as to confirm my 
views as to its place of origin. A comparatively opake object (bi^) crossed the em- 
bryo near its middle, and prevented my seeing^ the latter distinctly at that part, which 
therefore has been represented by dotted lines. I am disjxjM d to think that this 
object corresponded to the arcft (hh'^) represi'iitcil in rJi>. and if so, what has 
been already stated (par. 216.) on the coutiuuiiy ot that arch with tlie subsequently 
vascular lamina of the umbilical vesicle will be applicable here. IilBrther} Uie object 
in Rg, 134. occupied a situation not very remote from that of the future great 
blood-vessels and the heart ;{;. 

220. Tlie coTitinnity already pointed out (pars. 196. 201 — 206. 216. 2l!».) bftween 
the peripheral portion of the germ (Plate VII. figs. 121 A. 121 B. 122. 12 1. bb-.^ and the 
subsequently vascular lamina of the umbilical vesicle in the same figures, and 
in figs. 119. 120. 121 ; also in Plate VIII. figs. 132 and 150.), appears to me to go 

very far towards explaining why observers have hitherto supposed the embryo to 

arise iu the substance of a menihrane. I wotild ask paitk idar attention to the fol- 
lowing recapitulation of several of the facts i i L-oidcd in tliis nuinoir; viz. The dark 
spot designated by Coste the "Taclie enibryonnaire," obviously corresponds to my 
''peripheral portion of the gcnn" (which lias the central portion lying under, 
and often very much conceatetl by it). The germ sends forth a hollow process (Plate VI. 
fig. 117'^i'O* This process, expanding, receives the yelk into its interior, lines the 
membrane rrtit. ns a netn'ork f I'late VII. fig. 1 1 9. bb'-. Plate Vill. fig. 132.), and passing 
througli tlie stages reprt scnicd in Plate VII. fif,'s. 120 and 121, subsequently assumes 
the state exhibited in Plate \ ill. tig. 150, whicii appears to be the immediate founda- 
tion of the blood-vessels and the blood. The stage shown in Plate VII. fig. 121. U 
repeated on a smaller scale in fig. 121 A. Here, and in %s. 121 B. and 122, the sepa* 
rate granules (nuclei) surrounded Lydark globules (bb'-') were seen to be apart of the 
layer constitutid t)y the i)eri|)lieral portion of the germ (bb-) (" tache embiyonnaire" of 
Costb). ExttiHul to tlie structures now described is the metnbrane am, (Plate VI. 

t Wliether circulnr xpace* (Plate VII. figs. 121 A !'2! H. iui l 1 22.1— f :- h tlio*e iiL".cii'.j!'d a!> incipient ia 
the " Sixtccutk Stage" (par. 192.) — in the membrane am. existed in the ovum lig. 124, uty uU«ervfitiuiw do 
not cBtble me to itate. 

{ In these Uesearches it has not been mr practice to make drauiugs from recollection. Nor Iiaix I conti- 
(l«red it aufficiwt to merely •ketcb the object vhile it was before me, and subaeqiiently finish it. Vnama 
nqvim tl»t Uw dnwiags should bt eompleted while die ofe^ i« in SeM of view. On Uut occi«w. 
howt vi r, from tlir rau»e above assigned, such a course wa* iinpos^^ible ; and figs. 124 and 125. were therefore 
not drawn until after the object bad been lost. hig. 126, as already «tated. was taken while the oiycct was 
•tOlbefete ne. 
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%s. 113—117. Plate VII. Ags. 118. 119. 121 A. 121 B. 122. 124.), i. e. the *' serous 
lamina** of authors, or the subsequently reflected lamina of the umbilical vesicle. In- 
ternal to those structures, or rut her internal to the lamina of the umbilical vesicle, 
which is subsequently vascular, lies, when formed, the mucous lamina-f*. — This, I 
apprphend, will a^isist to explain why observers have hitherto supposed the embryo 
to urine in the substance of a membrane. It is not a previously existing membrane 
which originates the germ, but it is the previously existing germ which, by meaus of a 
holloir process {W)^ originates a itructure having the appearance of a membrane^. 

The Chmrim. 

221. When in describing the thick transparent membrane of the ovarian ovum in 
the "First Series" of tiiese Researches (A c. par. 52.), I stated my opinion, in unison 
with that of Coste and It ^^'AGNEB, " that this membrane is rciilly the chorion of ova 
met with in the nteras," I hat! not discovered the disappearance of one membrane and 
the coming Into view of another membrane in the Fallopian tube. Such, however, is 
the feet, as made known in an earlier part of the present [Kiper (pars. 174. 172.) ; but 
it is one which did not fall un<l»'r my notice until nt-ar tlit- ounrlnsion of thc'sp re- 
searches, notwitli.slaiiding all the pains that had hccn takt'ii to procure a consecutive 
series of stages, it atlords evidence that I was formerly mistaken in considering the 
thick transparent membi'&ne of the ovarian ovum to be identical with the outer mem- 
brane of the ovum of the uterus, and the membrana vitelli [e] to be still visible, and 
to have considerable thiclcness in minute ova nu t with in tlie uterus." It is not that 
thick tmnsparent membrane itself (/) u Iiich is identical with tlic ontfr membrane, or 
chorion of tlic ovumof the uterus, but the thin Iritniiia ( I'iatc tig. lo 1. rjeandjS. clio.) 
which was seen to come into view on crusliing an ovum in a certain state in the Fal- 
lopian tube. (The membrane (e) of the minute yellc^ball, as already mentioned (par. 
174.), disappears by liqnefiiction during the passage of the ovum throng the Fallo- 
pian tube.) Those who are practically ue<iuuinted with the various difficulties to be 
surmounted in this branch of physiology, will, I think, be disposed to nmkc allowance 
for this crror^. We are now prepared to trace the chorion through its early stages. 

222. In Plate VI. fig. 103. a and p. is an ovum found one inch from the infundi- 
buluui in the Fallopian tube, at the same time that Other ova in a very neaily corre- 
sponding state were met with not yet dischaqsed from the ovarium. The next stage 
is exhibited in fig. 104. «, which presents an ovum tafien from the same part of the 

t Theniieow ImmJim wm pinaiUr iiiei|iicnt in the ovum FlBteVII. fig. IIS: aadif ao^ Uma mem adr 

• raocecl in that represented in fij^s. 120 and I"! I. 

} llw " tache cmbryonnoire," above referred to, appears to have been aeen in the Itabbit by sevcnkl ob- 
wnren. An ovnra figimd by Dr. Auwr Tbomsov (Edinbui^ New PluloMphieal JooiimI, ▼ol. 9.) Tepmeiito 
it as viewed witli a low ir.agnift'ing |)ow»?r ; as doea alao one fiRureU by my friend R, W.vown (Bcitnge, fte.. 
Tab. i. fig. 9.), through Trhose kindness I had an opportunity of aeeing the object itaelf. 

t The mcmbroae / in the prctcnt pupcr everywhere denote* dwt wUcb was called tbe " choriMI*'' Md lee> 
t«nd/in tBtf Fim Serfea." 
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tube as the one last mentioned, but in another Ilabbit. The nieinbrunc / was seen to 
be !^tirionn(lec! by a dtirk circle, which on the ovum being crushed, as in fig. 104. ^, 
was fuuiul to be a thin iiiciiibrane, clio. In fi^. 105. are exhibited correspond in j» parts, 
witli the addition of a tluid {/'} between the membranes cho. and f. Tliis ovum con- 
sisted of thrw membranes, e,/, and vho. In fig. 106. the membrane e bos disappeared, 
the membranes / and cAo. continuing in nearly the same state as in fig. 105. The 
suite of observations in later stages is such as to reqiiii% no explanation, for the two 
membranes cho. and f continue very distinctly reAjgnizable. This will be illustrated 
by reference to the thirteen consecutive stapes in figs. 10*> to 1 H). Plates VI. and \ II. 
Those drawintrs show that no inembi"anp is fornud oiitsiilc the nu'inbrane <lin. during 
the periods whicJi they represent; and lliat none such is lornied at later periods, up 
to the time when yifU usually malce their appearance on the surface of the ovum, I 
have satisfied myself by carirfol examination. It may be added, that the same pro- 
perties characterizing the membrane elm. when first seen as a separate structure 
(par. 172.), Iiavo uniformly pre8ente<l tlicinsflves in later sfasrc^, viz. ■jreat suscepti- 
bility <.tr (li-'f'Mf ion, no small decree of clasiu ity, and a (ciulcncy to become cllijjtical. 
These ivvc m\ reasons tor believing that the external membrane which becomes villous 
in the uterus is that which we have sc«i to be rendered visible as a distinct stmetnre 
by crushing an ovum (Plate VI. fig. 104. p.) in a certain stage, from the Fallopian 
tul)c ; a membrane denoted tln on^'hout the figures by the letters cAo., and designated 
in the present paper as the chorion f*. 

7%e 0unim becoming FiUoutt — Modey Period, and Place of Origin a/ the (Morion, 

223. An early stage in the formation of villi,— the Saugflocken*' of Sbiler;^,— is 
seen in Plate VIII. fig. 141. The tuft here i«presented measured in diameter iV" 
It appeared to consist of vesicles containing objects bavin,:: tlic form of vesicles. 
Several of such tufts ai c shown in profile in fi;,'. 112. Both ot" tlu se fipires were taken 
from an ovntn of IfiJ^' honis, and nitasuring i^'". I have seen incipient villi on an 
ovum ot J ' ; and i have nu't with ova of 24"' without any. Von Baer observed villi 
in the Rabbit on an ovum measming 2"' ; while R. WAaimn on an ovum of the same 
sise^ and from the same animal, found none. Thus the period at which villi begin to 
form, like that of the development of othoi- sti nctuics in the ovum (pars. 168. 169.), 
seems to be subject to considerable variation. The tufts on the above mentioned 
ovum (figs. 141. and 142.) were situated at unequal distances: some of them nearly 

t J)o«s not the itniotan vbich in the ova of ovipuoua aoimals (the Frag for iiutuoB) oorraqKmdi to the 
ehorion of Mnninitfia, nrbe in the aame manner? fn nrnnv of the InwrtebrKbi this is olivioiiily the ca«e. 
(Compsrc with Hate IX. fig. 1.53. cho. in th:^ memoir, mm r:il figures in It. IVodromus Historiae 

Genpratiiiiii.^ f:ir Instuiit o. fi-^- Y", \ '', X-, Xl\ Mil'', X\ 1' .) lu the latter, htiwtvt r. wt f.nd llio cho- 
rion to arise iu tiic ovary. '1'. VVhamtun Junkb has pointed out the resemblance iu appearance between his 
"gdatiaouscBfdope" btfaeovumof tiwIUhUtuidljie OTumof theFVog (/. r. fip. 1, 2, uidS.). 

\ nil (uliiinnutter und das Bi des Msuehen, Dmden 188S«co&t«iiiliigexiedkiitNpieM]itailums of d» i^i 
of the chorion in Inter iitagct. 
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touching each other, many being about -^'-g-'" apart, and others as uiuoh as J'" asunder. 
At the part from which fig^. 142. was taken they were most numerous. The viUoos 
tufta are yellowish-brown in colour. The very first indication of the formation of villi 
seems to consist in a few dark globnles existing scattered over the snrfiice of the cho- 
rion. 

224. The mode, tlic [jcriod, und the iihuc of oriju-in of xhc chorion, are subjects on 
which physiologists* are not agreed. V on iiAKR-|- appears to suppose his " sphere creuse 
h. paroi mince'* of the ovarian ovum to become the membrane eorticalc" (chorion) 
of ova in theutems, tboagh he does not express himself with certainty on subject. 
CbsTB^ and R. WAONSa^ consider the thick and transparent membrane (/) of the 
ovnm in the ovary to be identical with thenK ni!)tunc c-mIUmI the chorion in the uterus. 
Purkinje!!, Valentin^, and Allen Thomson I '}-, maintuiu that analogy is in favour of 
the supposition tlwit the rhorion orip^inati s in tlic oviduct. Krau.se|| conjcctmes 
that it may be formed after the diaclmrge of llie ovum fruin tlie ovary, uut of the 
" disc** of granules (my tunica granulosa and retinacttia) which surrounds the ovum 
in that organ. T. Wh amon Jombs formerly believed the ** vitellary membrane*(/) 
to form the ( horion, but now Supposes "that the gelatinous coat [' proligerous disc'] 
acquireil by the ovum in the ovary, and more especially circumscribed and defined 
alter iinpic^nation, constitutes the only covering of the vesicular blastodcrma after 
the giving wuy of the vitellary meuibrane } that this gclatinous-iooking coat forms the 
chorion,** &G. My own observations on this subject have been recorded in preceding 
pages (pars. 1/2. 1 73. 23 i. 222.) 

226. More particularly, the following are the views of T. Wharton Jonbs as to 
tlie mode, period, and place of origin of the chorion. He says^[^[, " In the ova of the 
Rabbit, &c. before im|)rcfrnation, the proligerous disc [= my tunica granulosa and 

t Lettre, Ac. ConuucaUure, pp. 39, 40, 55. Von Bake baa tinct expressed tbe ophiioD that in some 
Msmtals, the TTof ind Sheep for intuca, tfait Bcmbnne ariaea after tbe vmm hu left the ovwy. by the 
aeevatad albumeu — through a coagulation of it> rarfkoa— fonning far Hidf aa iuvctting muubniM, He con* 

aiders tliut ill tlic Doir, hauuMr, t!ic outer mpmhrnne of the orarian ovtira e»>ntiiiLifs tJic outer mrmbrnnp of 
ova in the uteruii. (Leber £ntwickciungi<ge«chichte dcr iliicre. ii«'obiichtung und K«ilexton. Zweitcr Thcil, 
pp. 185 to 188. 1887.). 

t Embryog<nie Coinpi>r,'( , ji. <50 $ Beitfige^ &C., p. 86. 

n £iio]rclop«diacbe3 Wurterbuch, Zehntcr Band, p. 126. 

f Hftodbodi der BBtmdccliuigageadnebto dca Manacheo nut vari^eidMadar Bflekaidit der BncwkkduBg 

der Saugethiere und Vogcl, p. 39. 

tt L. e., p. 453. U MOLua'B ArehiT, 1837. Heft 1. pp. 28, 29. H L. c. pp. 339-^8. 

in I hm in two imtaaoes obsenred the ohoiion to make its appcanmoe at the auTftee of tbe iMA tnaf 
pannt aieatliniia / ("sow pellucida") iu o^-a Btill in the orury and a{>parcntly ubuut to be absorbed. Mace* 
ration seem? •ometime* to produce :i siinniir (. iTict. St-u fif,'«. xriii. and xv'il. iu Ui umiahut'* disscrtntiun. 
"Symbolie ad ovi inammalium lii^tonom untc jirsgtiationcm, " Wrntislavia*, 1U34; and Edinburgh .\ledicai 
and Surgical Joamal. No. 188, Ftata i. tg. 3. 1836, io wluoh the transparcat qwee anraaidiag Aa mum 
uppcars to me to represent the fluid (/' iu my fii^urc";) imbi)M:d by the chorion, the latter httng padiapa inddeo 
by the sarrouiKUiig granules of the " zona granulo«a" (my tunica gnmulosa). 

5f Xi. c, p. 840. 
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retinacula, Plate V. &g. 9G. g\ and g^.] in wlucfa the ovnin i$ imbedded is observed 
to be composed of a gelatinous substance intenperaed with g^rains, but as yet there 
appears no distinctly circamscnbed envelope." T. Wharton Jones then r^tn to 
the views of Krause, and remaiks'j-, " From his [Krause's] observations on the 
ovum before imppegruition, he has been led to form much the same opinion regard- 
ing the origin of the chorion as is recorded in this memoir." This opinion of Kkause 
appears to have been the following:^. It may be conjectured that the OTolum 
on the bursting of tbe follicohis posses with the disc and layer of albumen into the 
Fallopian tube, and that out of the gramde$i^ the former [i.e. the "disc"] the cho- 
rion is formed." My own observations do not realise the conjectures of T. Wharton 
JoNRs. On the contnirv, they show that when the chorion first comes into view, it is 
not as a " gelatinous ciMt^," but in tiie form of a thin lamina c/ose/^ inye^^/wof the 
thicic transparent membrane or " zona pelluclda** (Plate VI. fig. 104. « and /3. cko.) \ 
and that this thin lamina— »<'«r(^ the mciplent cAorjoji— expanding from tbe " zona 
pellucida,*' imbibes a quantity of fluid into its interior, tbiekens, and with the im- 
bibed fluid presents a geh'itinous appearance, — but that the chorion is not formed 
out of the gelatinous-looking '*coat§", since (he outer portion of this "coat" is frum 
the Jirst constituted by a membranous btructure, the chorion, — and the imbibed fluid 
which formed the principal part of the "coat" (Plate VI. fig. 105 to 113./'.) soon 
passes into the interior of the ovum, leaving the clwrion again in close contact with 
the outer surface of the " zona pellncida*' (Plate VI. fig. 1 17. cAo. and/.) The con- 
jecture of Krause, however, does not appear to me to coincide with that of Jonas, 
so closely as thi' latter seems to have sri!i(iosc(l. 8o far from this, I think it by no 
ineiuis improbable tiiat — as conjectured by Khausk — the so-called "disc" (my tunica 
granulosa and rettuaculu) amy bring from the ovary the materials out of which tbe 
chorion is formed, and it is possible that the granules (vesicles) of tbe "disc" may 
coalesce to form it. Thus that portion of the tunica graaolosa {g^) which in the 
ovum Plate IX. hg. 153. was seen surrounding the incipient chorion {cho.) on its 
rising- fiom the membrane /, may have been de^itiiied to enter into the formation of 
the chorion, and to contribute towards the ftiickening of this membrane^ as well as 
to supply fluid fur its imbibition (par. 150. 151.) ||. 

t L. c. p. 340. X MOllbb's AkUt. 1837. Heft I. pp. 28, 29. 

^ See his fig. 1. c. plate xn. See abo figi. 109. and 110. in Phte VI. «f the prefent memoir. 

It I nm inclincc! to Oiink tliat the " very dflicate albuminoiii" memVirane" figured by Kravbr (/. c, Taf. I. 
fig*. 4 to 6.; aa surrounding a " thin layer of fluid albumen," inu«t have been the iadpicnt chorion (from some 
cbhh Baking to vpfamam in the ovBiy) though KBavai diowaot tern to bawrtgand o dl H m rach (oompv* 
with Plate IX. fig. 1j3. in tlie preaeiit lULtuuir). On a former occaiiion (7. c, jmr. iO. Xulr.) I Ktuted that an 
examination of the ovum of the Goat enabled me to atteat the accuiacy of Kkausb ; but to a certnio extent 
onlf ; for I did not *' in any insttnee find the memlinuiB ritdl! •unmmded hy b fluid aa deacribed bjr Kbavib, 
but by the perfectly formed and conastent chorion" (as I then oJled the membrane /.). From thit, howerer. 
it will Vm; obvious that tlie " exccedinj^ly distinct" tntmbnuie, wliich I found to circumscribe tbe ycik in ora 
of this ouimal, cannot have coneapondcd, aa I then believed, to tbe thick membrane figured by Profewor 
Kbawi in flue Mine litiintian. 
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22i)^. The names that have been given to the outer nienil)i aiio of the unattached 
ovam in tbe uterus, are very numeroua. That membmne a[)pears to be the *' £xo- 
chorion" of Bumiach and of VBLraAU»-^he ** Membraoa oortiealis " **Scbalenbaiit,** 

and " future Exochorion" of Baer, — the " Chorion," " Eihant'' and " future Exocho- 
rion" of Valentin,— the " Membrane vitelline" of rnsTB, — and tbe "Chorion* of 
PuRKiMje, K, Wagnbii, Allbn TttoufiON, and T. Wuarton Jonks. 

jiboried Ovo, 

926. Ova apparently aborted are shown in Plate VIII. figs. 133 to 135. These 
were found in the uterus of dUferent individuals. At tig. 133. is one of /iro ova that 
were aborted, the development of others fmiiul in tlic same uterus having proceeded 
duly. I have met with tlirec instiincps in wiiicli all the ova found in the same indi- 
vidual appeared to bu aborted. 8ee tigs. I'M and 135. la tiie iatter figure u vcniciet 
apjKitcntly corresponding to that which 1 have described as containing the germ 
(par. 186.), was seen to oecvjyy the centre of the ovum, having a few scatteivd vesicles 
' around It. This was the case in all the ova (tive) fuund in ttu> same uterus. In 
some instances of aborte<l ova (fig's. l.'?3 and 131.) the chorion had not made its ap- 
pearance as a separate strLictiirc. In other instanres (fi^. 135. cho.) it had come into 
view. The aborted ova which 1 have met with, whether exiiibiting a chorion or not, 
were considerably smaller than is wnal in regular^ developed ova of corresponding 
periods. In fig. 188, tbe yelk-rball was In the state in which I have met with it in 
the Fallopian tube, in ^rly stagey except that it was much smaller and elliptical. 
In one instance, fig'. 134, two objects reseniijUnq^ the ovarian rotinacula were pre- 
sent, but the tunica granulosa had disappeared. ^^ lien ova were found aborted, I 
generally examined the ovary^ but nothing abnormal was in any uf those instances 
observed in the ova still present in that organ. It is renMrkable, that of tbe ova met 
with in these researches in tbe nterus, no fewer than one in aboot eight shonid have 
appeared to be ahoi-ted. 

227. On one occasion I found six or seven vesicles in tbe Fallopian tube of J'" 
(Plate Vlll. fig. 136.), having a thick transparent membrane, and containing a eolour- 
less and pellucid fluid. In i»ome instances granules were observed on their inner hur- 

Effect* produced on Ova by Mmdfulatim. 

230. Ova of tbe Rabbit belongitig to the periods chiefly considered in this paper are 
globular, bnt very little pressure renders them elliptical. The tendency to this change 

in form is most obvious iq ova that tiave inched the uterus, and appears indeed to 
be in proportion to their size. This tendency appears to mc to lie chiefly in the cho- 
rion (Plate VIII. fig. 128. chn ), which may be found descrvin>j uf notice. Prevost 

i On another occasiun upwards of thirtj veuck* were obscxred in the Fallopiaa tube, measuriiig from ,1^'" 
MdkN.tOfV"'. TheweimtdBedilwapdliidd fluid. «ad tbe infer AM tad KliikkB^^ 
FkteVIII.<g. 1S6. tlsaicmteBUBraeBdaHter«DcewuTC(]raiii. 

NDCCCXXXn. 3 T. 
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and Dumas, as well as Costb» obsenred a tmdeiicf In tile mammiferoos <mtni to 
beoonie elBptaeal. The fonner also ttate thai ova tnm the boras of the aterai hi 
Dogs are at first (that is in an unaltered slate) dKptical'f'. 

Ejf nets produced on Ova hy certain Chemical Itea^rnf.^. 
231. The maminiferous ovum in its most interesting state being, tVoni its uiinute- 
ness, very difficult to obtain and also very perishable, it has appeared to me iuiportiiiii 
to discover some mediom in irhicb, irben found, its examination might be more 
perftctly aecomplisbed. The smallest ova from the FUlopian tube and oterafc, it is 
my practice to view imbedded in some of the mncns taken from those parts. The 
larger ova require a transparent flnUI to support them. Water does not answer well. 
Its operation on ova of 1"' to 1 .V" appears to be as follows (Plate X'lll. fig. 13/.) : first, 
the inner membranes (amnion and umbilical vesicle) separate for the most part from 
the membrane/, leaving the latter on the inner surfiice of the chorion. This separa* 
tion is produced, not by imbibition, (for the chorion does not at first eahuge,) but by 
the psssage oatirards of a portion of the fluid yelk, which now lies between the 
amnion and the membrane /. Secondly, folds appear in the chorion, their direction 
coinciding with the lon^itndinal diameter of the now elliptic (par. 2d0.) ornm, which 
icon collapses in a slielJ-tils.e forn) (fifr- 137.)- 

332. I have tried solutions of various citemical reagents. Some of these occasioned 
oolhipse qf the chorion. Otbenn coloured it high ly, which was fonnd a disadvantage, 
altliough that colour was traosparent. Another set rendered It opake. By some it 
became constricted. Others caused too entire a separation of the internal membranes 
from the cliorion. Now all of these are unfit for the purpose. We require a reagent 
that does not materially affect the chorion, and yet one that renders more distinct the 
internal objects sought for. 

283. The eieet of spirit of wine was found to vary with its strength. Rectified 
spirit (sp. gr. 0'83fi) acted too enei^tically, rendering the chorion in some d^ree 
opalte. Dilate spirit facilitated for a while the «caroination of the interior of the 
ovum, by increasing its transparency and the chorion remained unchanged. Con- 
siderable collapse, however, of the inner membranes followed. The dilute spirit here 
mentioned had a sp. gr. of 0*950, and it was of this strength when used combined 
with other substances. 

834. Brine of common salt produced immediate and entire collapse of the intemsl 
membranes in ova of 8^'" } the chorion continuing for a while unchanged. 

235. I might go on to enumerate the eflects of various other reagents, such as ether 
and hydrocyanic acid ; the nitric and acetic acids ; sulphurous acid and snlphnretfed 
hydrogen (deoxydizing substances) ; solutions of various metals, among which were 

t c. No. 159. p. 200. 

I The internal membranes of minute ora which had been eolbpaed by water, I have obterred to mgovct 
dianMlfaaidieaddittDDrfiflirtBipiriti but thvcfliect appeared tote «f4nitinraliaQ. 
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mcreory, rilver, lead, and gold » the ooetate and potash-culpbate of alumiiie ; solutlooi 
of natgalli, and of pure taanio, as being aetringent ; eolntioiM of snlpfaaled indigo 

and of logwood ; an<i lastly, aqaeous solutions of chlorine and of Iodine. Some of 
these prodiired interesting: though nnimportant remits, but none of them fulfilled all 
the condition!) ubove iuUicated. 

236. The action of corrosive sublimate {Jkydrargyri bi-chloridum), as the usual test 
of the pnienee of albomen, deserves particnlar notice, because that after an ovnm 
had been digested turenty-four hours in a weak solution of that salt, its tnuuperency 
was unimimJred, ahhough tlie internal membranes were contracted and corrugated. 
That ovntn measured Another measuring -f'" was subjected to the action of the 
same salt with a similar result. Both of these ova were taken from the same individual. 

237. Among the most remarkable effects, are those produced by lead and silver. 
The action of lead, nnlilce that of oorroeive soblimat^ seems to be upon the cliorion 
itself, rendering it opalie and white, and therefore intercepting the view of tlie inte- 
rior. This effect was almost instantaneous. It was the acetate of lead that was eni- 
ploj-ed, to which enough dilute spirit bad been added to make the mixture not more 
than slightly sweetish. 

238. Nitrate of silver, dilated with spirit as above, immediately produced the ap- 
pearance of a beautiful network in the interior of tbe ovum (Plate VIII. fig^. 140.). 
This was the effect of its action on the membrane of the vesicles constituting the outer 
lamina of the future umbilical vesicle. Very shortly, tin; interior of those vesicles be- 
came remarkably distiiirt See Plate VIII. fig. 15(>: taken from an ovnm of "'"as 
seen lying in a solution ot this salt. Nitrate of silver when used for the examination 
of tbe vesicles in question while still within the ovnm, should be si^ieiitly dilated, 
or it will render the chorion opuke. If week, its action seems to be more percep- 
tible upon the interior of the ovnm than upon the chorion. Tbiee ova after remaining 
in the above solution of silver twenty-four hours, Iiad beoonw of a purple brown 
colour; solar light having been admitted into the room. 

239. I have lately chanced to see Professor Johann Miiu^a's paper*!- recommending ' 
krecsote water as a medium for preserving nervous wbstanc^ and have been induced 
to try its efhct upon the ovum. It answers well, as will be obvious on referenoe to 
Plate VIII. fig. 138. ; this dnwing having been taken after the ovum had lain three 
days in that fluid. I recommend a saturated aqueous soltition of kreosote in preference 
to any other medium, for the examination of the entire ovum. Its operation on ova 
of about iV'" is as follows. The inner membranes (see tbe figure) recede to some ex- 
tent from the membrane /, which continues in contact with tbe chorion {cho.). Tha 
chorion generally remains unaltered in both form and riae. The diange, therefore, 
consists, not in imbibition from the exterior^, but in the passage outwards of a portion 

t MOun's Aidihr. 1884. H«ft I. 

; In a very minute ovum, b o w OT tf , Im nn cd ill knMMOte Mtcr, I dbscnrtd MNM l i aM M tl Bii ftoa <iw wtntor 
and coatequent calargcmeut. 

2 y 2 
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of'thft fluid yvHc (d) which now Kct bcCveee the amnioii (am.) and the monbrane /. 
Besides a separation from the membratie /, the receded memtMranes exhibit some 
sepcii-atioii from ane another. Sec Plate VII. fi^. 121 A. representing an ovum in which, 

by krcosotc water, a change of this kind was produced, just sufficient to make the 
true nature of the interior of the ovutn o!)vion'?, including' the vesicles of the embryo 
{bb^ and bb-) and the nuclei composing the outer lamina of the umbilical vesicle {bb'^'), 
to which it iuiparted a slight tinge of yellow. Instead of using (as mentioned above, 
par. 381.) the mucus of the uterns for the examination of the minuter ova found in 
that organ, I have sometimes employed kreosote water in the flawing manner. A 
minute portion of this fluid havhig been placed u|)on a plane glass surface, the ovum, 
first fried liy bibulous paper frotn the udherent mucus, h introduced into it, and thus 
examined either with or wiflinut the comprefssor. If tlie eoinpressor be not employed, 
it is important iiy means ut' a very fine hair pencil to add kreosote water frequently, 
so as to keep the ovum from tiecoming dry. 

340. Tar water has advantages in prodnciog no collapse of any part. See Plate VIII. 
fig. 189., drawn after an ovum luu! lain four diiys in this fluid. It appean) however, 
to constrict tlic ciKirlon, and it lias the cfTcct of colouring too Iiigbly. 

211. For preservin<; ova I have tried several fluids. Dilute spirit and kreosote 
M'ater seem each to answer pretty well; inii tltere occurs eventually too great col- 
hipse of the inner membranes. (8ce par. 313. and third Note.) 

^ome qf the earHett appearances qftke Ovum. 

342. In Plate V. fip. 82 to 84, are objects apparently representing stages in the 
formation of the mammiferous ovum even earlur than any of those met with in the 
"First Seiies" of these researches. Oi the objects now referred to, which were met 
with incidentally, those in nearly the same stage were observed to lie together in a 
group. The three groups of which specimens are given in the above figures were in 
the immediate neighbourhood of one another, and they were all contuned in a fluid 
substance. The most prUnitive of these three conditions appears to be that represokted 
in fig. 82., in which atx* vesicles surrounded merely by dark gninules or globules. The 
larc:cst vesicle in this figure had a diameter of only , v'"- I have seen ve>ieles 
having a similar appearance, in tlie same group, measuring no more than about -r^" ; 
and from their external appearance I am ready to suppose that they were compottud, 
consisting of at least two roerobmnes, tlie one closely invested by the other. Tlie 
next stage noticed, is that in fig. 88. Here were found eeiUral vesicles having the 
same appeanmce of a compound structure as the foregoing, but being in jirencral 
larger (the largest in the titrure tnea-^nred ■ "'), and each presenting an envelope of 
smaller vesicles. Among the latter were many dark granules or globules, in tig. 8-1. 
is seen a stage somewhat more advanced. The central vesichis had essentially the 
same appearance as the foregdn^^ but were generally laiiger (the largest in the figure 
was about •^'^)tHwl their envelopes of vesicles seemed more perfectly formed, and were 
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free from the dark grannies or globolcs of the preceding stage. One of tbe central 
veeidce in this figure presented an indistinct spot. The object in fig. 81. is from the 
ovfliiy of the common foui. Its central part resembled the objects in figs. 83 and 84. 
from the Rabbit (par. 892. Note,). 

Aete nofieed by preceding Oh*ar»en, eUed fo thm the AeeordoMe in twrtoM recede 
between the DeoebpmetU <tf Mammalia and that qf other 4iumatM. 

S4S. I liave copied from CAnus-f- the drawing of a stmctnre (Plate VIII. fig. 181.) 
oecarring in the ovum of one of the Mollosca, — Unio tumida. With this I would com- 
pare fig. 130. The lattor rpprrsfnts a structure of the same Kind as that which in 
Mammalia closely invests the ( inhryo, and seems t(> enter into the formation of the 
amnion; the former exhibits an object which, iti ihc molluscous animal above-men- 
tioned, appeared to Casus t« be tbe foundation of the ^eU. The Professor saw a 
similar stroctnre in ova of Aandmda, The rhombiclc fields'* in the figure from 
Carus, as that author terms them, (wliicb appear to me to have been vesicles with 
nuclei) scnned to iecom*" morp wwwproiw as development proceeded With this ob- 
servation i would compare what has been stated (par. 174 to l/B. 180. 314 to SIM.) 
regarding tlie greater number and smaller size of the successive sets of vesicles in ilic 
mulherry-like structure met with in several stages of the mammiferons ovum, (Plate 
Vf. figs. 106^ to 1 10., Plate VIII. fig. 130.). 

344. In the ovum of some of the Crustacea, there occurs a striking resembiance in 
appparancp to the structure, jnst referred to in the Manimal'a, when it ha<? attained 
a more advanced stage. »Such for instance is tlie case in tlie ovnm of the ( rnfi'^li. 
Astacus Jiitviatilis^. Spiders present in their ova a resemblance equally remui kubit. 
With Hate VI. fig. 1 14. am. I would compare, for example, the ova of Epeuu dtadema, 
as figured by Hbrolo^. Now in those animals, the structure which I suppose to cor- 
respond to tliat marked am. in my figures, appears to enter into the formation of tlie 
Ctiler cm-cring of t fie abdomen. 

245. In none of tlie figures of tfic authors last referred to, have I been ahip to dis- 
cover any trace of what seems to me entitled to be denominated a ''germinul mem- 
brane." Uut, on the other hand, there is to be recognised in a givat number of those 
figures, an unquestionable similarity at the part where the embryo arises, to the cor> 
responding part in the ovum of Mammalia. 

2^0). Rathke describes a depression in the ovum of the Crafish||, and also in that 
of liopyrus squillaritm^, whirli in some res|)ects appears closely to resemble that wliicfi 
I suppose to be the corresponding part in Mammalia, as shown in Plate VI. fig. 1 U. a. p. 

t Neue Untenuchungea iiber die Eatwicktlongvgefducbtc unaerer FhiMmaachelj Tab. IL fig. I. 
t Ratrrb, Flas«1creb«, Tkb. I. 

S Unteriiiriuingru ubcr die BaUiHigigcielikiht* der WiH>eU<Men Thwn iv Bit, HmQ I. 

i Flusskrehs, 'lal) [. fi?, 2, 

*{ Zur Morpbologie Heisebemerkungen au* Taurien. p. 44. 
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Uf Btpgnu he aays, ** when the formaUoa of the embryo is about to oomawDoe, them 
arises on one part of Che yelk a minute, peilucid» and perfectly eoloarlesa spot'*^'. 
" \M]cre thiii^t is, there is presented a long and broad, but veryehallow depression."— 

riic above-mentioned colourless spot does not indicate a veiy great thickeninR^ of 
the f!;t'rfninal mpmbrane, bnt only a space bebind the external membrane of tin <>\ im 
(Eihaut), which is perhaps filled with a fluid as clear as water, for after the operaiiua 
of diluted nitric acid that part had not in the least lost its transpareney " The same 
author dcserilieB in the Amphipo4k| a *'t»y4ike depression" as occurring on the 
surfoceof the ovum. In certain Decapoda^ (CVan^oa and Pmteewien) he mentions 
" a place where the yelk to some extent is somewhat flattened, havjnfr at the same time 
recctled, and where a disc of little thickness, consisting of a substance as transpareot 
HH the pureiit, glass, lies upon the yelk." 

247. lu ova of the Actinsese, Katuke found that no **germiiial disc** or "^ertRMaf 
vuHArane" antt wliicfa could derelope itsdf into an embryo ; and hence concludes 
that here the fitMrraation of the nevr being must take phM»e in a manner entirely dif- 
ferent from that which occurs in MoIIusca, Inseeta, Cmstacel^ and Vertebratajl. 

249. 'I'fie acknowledged existence of aii "area pclhicida," — for instance in the 
ovnni ot the Bird, — is opposed to the present views of authors, that the embryo arises 
in the substance of a membrane; but it accords perfectly with the fact (Plate VI. 
fig. 1 U.)* that the germ or future embryo of Mammalm is contained in such a pel- 
lucid area. 

360. Rathke in a recent paper^, though not doubting that the " primitive trace'* 
is constituted by the "central portion of the germinal membrane" (for he uses these 
terms synonymously), makes known the fact, — observed by him in Mammals, Birds, 
and some Reptiles, — that parts previously supposed to be formed by what Basr had 
denominated the laminae ventrales of the serous lamina of the germinal membrane^** 
really originate independently of any membrane. These parts are the ribs and pelvic 
bones and the muscles of the thorax and abdomen, which, according to Ratmkk, arise 
in a newly added substance "proceeding' out of tlie primitive trace," and pushing tlie 
membranous " lamiim' vcntmles" farther and fnrtlicr from the latter. Observations 
previously made by KiiicHBin"t-*f- are referred to by IIathkb as being in accordance with 
tlie above. Rsnmaar bad found that the part originating the lower jav and hyoid 
bone *' grows out of the primitive trace." Now if, from the fiwts made knoum in the 
present memoir, it should appear that the " primitive trace" is not constituted by tlie 
central portion of a membrane, it will be easy to understand that the parts above 
referred to by Rbichbbt and Kathkb should have an origin equally independent of 
a membrane. 

25 1 . An appearance in the development of the Frog and Salamander has been thus 

i Zur Morphologic. &c.. Tab. II. fig. 1. t lb„ p. 74. ^ lb., p. 83. 

II Zur Morphologic, &c. p. IS. ^ Mi'LLiB's Arcbiv. 1838, Heft IV. 

tt Ueber die Viacenlbogeii der Wiibdiltien. Beriin. 1887. 
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described by RATHncf'. *' Soon after Ibe devdopment of the ovdoi 4^ tbcae amphibia 
has commenced, the germinal membmne beeamet ht one partwutremd mare fkiekenalt 

aod the thickening presents it«elf under the form of a moderately broad lamina, ex- 
tending about the distance of from one pole of the yelk to the other J. Around (his 
lamina, iihich is the primitive pnrtlan of the tmbri/o, the germinal membrane beconies 
somewhat drawn in i and at this time the tuu ends of the iuuiiim (^vhich are the 
cephalic and candal extremities of tbe embryo) grotv forth Uke two KbenOed ptooatex 
out of the germinal membrane, lieooming at tlie «ame time curved eo as to approach 
one another around the yelic, as it were stri^ringmore and more to embrace the latter.'' 
The " thickening" here mentioned, of the sappoeed "germinal membrane," and 
the consequent appearance of a "lamina," the two ends of which "grow forth like 
liberated processes" adutit, I rciipectfully suggest, of a ditl'erent expluaation. That 
** kmtma," the " primitive portion of the embryo^*' appears to me to correspond in its 
situation and manner of growth to the germ, which it has been my endeavour to show 
is tbe foundation of the mammiferous embryo. The membrane, however, (am. in 
Plates VI. and VII.) in Mnnimalia which becomes "drawn in" merely mve.v/j the 
embryo, and is not amtiimous with it (see par. 220.). Js it not rcaHy so with tlic 
"lamina" in question, in the amphibia above-mentioned, as well indeed as with the 
corresponding part in other animals? 

352. Judging from my observations made on the mammiferous ovum, I am con- 
vinced that Bavmgartnkr^ has very accurately described a comparatively early ap- 
pearance of the embryo of the Frog-, as reg'arils both form and t^nbstance. 

1253. It has been conceived '| that in vertebrateil animatij th>> brain and spinal cord 
form on the outer side of the so-called " serous lamina of tbe germinal membrane,'' 
the foundation of the extNudties being litoated on tbe tube which that " memlHraae" 
has been supposed to form ; but that in Invortebnita, the chain of ganglia arises on the 
tuner m ydk side of that lamina," and that the extremities on the other hand make 
their appearance on itJs ori/pr side. I would submit, however, that the (iilRculty here 
has been in no timall de<,^ree rirtrihnt ible to the prevailing opinion that tbe embryo 
arises in the substance and by the foldings of a membrane. 

RecapUiUtaioiu 

354. The diffiuience peiceptible between tbe mature and iramaftore ovum consists 
in the condition of theyellc; the yelk of the mature ovum containing no oil-like 

globules (par. 120. 122. and Xntr. 121. Xate.). 

265* Both maceration and incipient absorpUon produce changes in tbe uoimpreg- 

t Flus-<lireb^, p. P6. 

i The Professor here refen to the authority of Puvon ud Ddmai. of Rukoni, and of Baer. 
f If e&un'> AiddT, I8S5, Heft VI. llic prcrknia worfc of E&iUi«2iXlfM. oil tbe Vbog. I regret to n^y I 
btre'iiot teen. 

I lUnn, flusakrebi, pp. 77 to 91. 
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nated ovum, which in soma respects resemble those referable to impregoation 
(ear. 123. 134. 160.). 

956. During the Rut, the number of GraaBan veiicles appearing to becoine prepared 
for discbargiog thrir ova, exceeds the nnrober of tboee which actaally discharge theas 
(pur. I '2.^.). 

257. Ova of the Rabl)it vvhich are destined to he developed, are in most instances 
discharged from tiie ovary in the course of nine or leu lioiii^ post milum ; and tiiey 
are all discharged abrat the same time (par. 138. 130.). 

358. There is no condition of the ovum, uniforai in all respects, which can be 
pmnted out as the particular state in which it Is discharged from the ovary ; but Its 
condition in scvend respects is veiy diffi;rent from that of the mature ovum antt 
coitum (par. 1 iO ). 

259. Anion;; the fhanges orcnrrinfj in I he ovum belure it leaves the ovary, arc the 
following, viz. tlie germinal spot, previouisly ua (iie iuaci' suduce, pusses to the centre 
of the germinal vesicle ; the germinal vesicle, previously at the surfece, passes to the 
centre of the yelk \ and the membrane investing the yelk, previously eictremely thin, 
suddenly thickens. Such changes render it highly proboble that the ovary is the 
usual seat of impregnation. This o}>ini(jii is not incompatible M'ith the doctrine that 
contact between the seminal fluid and the ovum is essential to impregnation, since in 
the course of these researches it has been found that spermatozoa penetrate as far as 
to the snrfiioe of the ovary (par. 143 to 14/.) -f". 

360. The retinacnia and tunica granulosa are the parts acted upon by the «w a 
ttrgo which expels the ovum fruiti tlie ovary. These parts are discharged with the 
ovum, render its escape gradual, perhaps facilitate its passage into the Fallopian 
tube, appear to be the hearers of fluid for the immediate imbibition of the ovum, and 
probably enter into the fonnation of the chorion (par. 148 to 151. 225.). 

261. After the discharge of the ovum from the ovary, the ovisac is obUiinable free 
from the vascular covering, which together with the ovisac had constituted the 
GFaa6an vesicle. It is the vascular covering of the ovisac which forms the corptu 
biUum. !Sf any ova, both mature and immature, disappear at this time by abaorpUon 

(par. !5t. l.oG. 158.). 

262. In some anirnal.s mimitc ovisacs are found in the iafundibuluni ; the discharge 
of whicti horn the ovaiy appears referable to the rupture of large Graaliaii vesicles, in 
the parietes or neighboarhood of which, those ovisacs had been situated (par. 169 
to 165.). 

303. The diameter of the Rabbit's ovum when it leaves the ovary, docs not gene- 
rally exceed o( a. Paris line (= about of an English inch), and in some in- 
stances it is still smaller (par. 166.). 

264. The ovum enters the uterus in a state very different from that in vvhich it 
leaves the ovary. Hence the opinion of Baer, that " in their passage through the 

t SwAsNdtaitoptf. 146«adSY8. 



Digitized by Google 



DR. MARTIN BARRT*8 RKSEARCaKS IN BMBRT0L06T. 



851 



lobe tiw «vtt of Mammalia undergo scarcely any raetamorphons at ail,*^ ia erroneous 
(par. 181 to 188.). Among^ the changes usimlly taking place in the ovum during its 
passage through the Fallof^an tnhe are the following; viz. 1 . an outer roembmne^the 

cborion, becomes visible; 2, the membrane originally investing the yelk, which had 
suddenly thickened, disappears by liquefaction ; so thnt the yelk is now immediately 
surrounded by the thick, transparent membrane (" zona peliucida") of the ovat ian 
ovum ; 3. In the centre of the yelk, there arise severalf' very large and exceedingly 
transparent vesicles. These disappear and are succeeded by a smaller and more 
numerons set Several sets thns snccesdvely come into view, the vesicles of each 
succeeding set being more numerous and smaller than the last, until a mulberry-like 
structure has been produced, which occupies the centre of the oniin. Each of the 
vesicles of wtiieh the surface of the mulberry-like structure is coiiiposcd, contains a 
Oldourless and pellucid nucleus; and eacii uuckuii presents a nucleolus (par. 1/0 
to 180.). 

205. In the uterus, a layer of venules of the same kind as those of ihe but and 

sniullest set here mentioned, makes its appearance on the whole of the inner sur- 
face of the membrane which now invests the yelk. The mulberry-like structure then 
passes from the centre of the yelk to a certain part of that layer (the vesicles of the 
latter coalescing with those oi itie former, where the two sets aie in contact, to form 
a membrane — the future amnion), and the interior of the mulberry-like structure is 
now seen to be occupied by a large vesicle containing a fluid and dark granules. In 
the centre of the fluid of this vesicle is a spherical body, cou) posed of a substance 
having a finely c'rnnulous appearance, and containing a cavity filled with a colour- 
less and pellucid iluid. This hollow spherical body seems to Ite the true germ;}:. The 
vesicle cootaining it disappears, and in its place is seeu au elliptical depression filled 
with a pellucid fluid. In the centre of this depression is the germ, still preseatiog 
the appearance of a hoUow sphere (par. 184 to 186. 190. 189.) ^. 

266. The germ separates into a central and a peripheral portion^, both of wMcb at 
first appearing granulons, are subsequently found to consist of vesicles. The central 
portion of the germ occupies the situation of the future brain, and soon presents a 
pointed process. This process becomes a huUuvv tube, exhibiting an enlargement at 
its caudal extremity, which indicates the situation of the future sinus ihomboidalis. 
Up to a certain period new layers come into view in the interior of the central portion 
of the germ, parts piemusly seen -being pushed Airther out (pan. 198. 300. 197* 

214. 212.). 

267- From the region occupied by the germ there issues a hollow process, which 
by eniargement is made to line the inner surfiftce of the ovum, — that is to say, the 

t There ariM at int two VMidsi, dNO Ibor or noN> and w oa. (BMpar. 174«adaeoaBdNotB,ili»yar. 

314 to 318.) 

t S«e. howerer, the &nt part of the Note to par. 186. 
f 8e^ howmr. ^ N«tet to par. IM. 19S. 1»7. 
MOOCCZJOUS. 9 a 
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inner surface of the membrane entering into the foniuitiuii of the amnion (wltich cor- 
responds to the " serous lasaina* oi aathors), and the process now lining it repre- 
sents an incipient state of the snbaeqoenUjr ** vaseniar lamina** of the nnibilical vericie 
— a lamina continoous with the structure corr^ponding to the "area TaBColosa* of 

authors on thn Rii-d (pars. 193. 201 to 204. 21 1. 216. '219. 220.). 

268. Tlioro dues not occur in the niaimnitVioii'; ovum any such phcnomonon as I he 
splitting of a " germinal mctnbranu" into the so-called "serous, vascular, and mucoui> 
laminse** (par. 104 to 196.). 

260. Nor is there any stmclure entitled to be denominated the " germfmil roetn- 
bi atiL- for it is not a previously existing nienibrane which originates the germ, — hut 
it is the previously exi^tin:^- g-erm which, by means of a hollow prorcss (par. 2670> 
originates a .stnietiiie ha\ Iii'; tlie appearance of a iiieiiibranc (par. 220 ). 

270. The structure entering into the furmutiun of the amnion is no part of that 
which constitutes the embryo (puts. 199. 2U0.). The first appearance of the amnion 
is in the form of an epithelium (par. 184.). From the delineations of authors it ap- 
pears to be a corresponding structure, which in Molluscs is the foundation of the 
shell, and in Crustacea and Arachnida that of the outer covering of the abdomen 
(pars. 243. 214.V 

271. The most important of the forcfjoiiig fuels respecting the development of the 
mammiferous ovum, however opposed they may be to received opinions, are in ac- 
cordance with, and may even explain, many observations which have been made on 
the development of olhar animals, as recorded in the delineations of preceding ob- 
servers (par, 243 to 253.). 

272. The ovum may pass throiigti at least onc-and twenty sta^;:cs «)f (U vt loprnent, — 
and contain, besides the embryo, four mctnbiauos, one of which ims two laiuimr, — 
before it has itself attained the diameter of iiuif a line (par. 207.), a Hfth membrane 
liaving disappeared by liquefaction within the ovum (par. 174.). 

873. The sise of the minute ovum in the Fallopian tube and uterus affords no cri- 
terion of the degree of its development t nor do any two parts of the minute ovum in 
their development necessarily keep pace with one another. The embryo sometimes 
attains a considerable dcg^ree of development in its form when exceedingly minute 
(pars. 21«. 219. 16/. 168.). 

274. The proportion of ova met with in these researches in the nterus which 
seemed to be aborted, bos amounted to about one in eight (par. 286.). 

276. With slight pressure the ovum, originally globular, becomes elliptical. Its 
tendency to assume tlic latter form is referable chiefly to a property of the chorion, 
and seems to be in proportion to the si/c of this membrane (par. i2;<0.). 

270. The chorion is not — as was supposed in the " First Scries" of these Researches 
—the thick transparent membrane zona peliucida") itself of the ovarian ovum, but 
a thin lamina which rises from the surface of that membrane, ttiiclcens, imbibes fluid, 
and is for a while separated from that membrane by the imbibed fluid. The fluid 
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then passes into the interior of Uie ovum, leaving the chorion again in close contact 
with the nieiuhruiie from which it rose. That the lamina in question is really the 
cborion, has been shown by tracing it from ite origin in the Fallvpian tube up to tb« 
period when it becomes villous in the uterus (pars. 1 73. 1 73. 1 78. 1 80. 1 82. 331 to S25|.}. 

PosTscain'. 

S77> It was not untU after the foregoing memoir liad been presented to the Royal 
Society, tlwt a recent work by Professor Rudolph WAONia, on the Pbydology of 
Generation and Development-^-, came into my hands. That volume contains an ac- 
count of some researches by Bischoff on the ovum of the Dog in the Fallopian tube 
and uterus, which (though the plate«; intended to illustrate them have not yet 8p> 
pcared) it may be proper to notice here. 

278. It is easy to understand that the ova <tf the Dog and Rabbit should, even at a 
very early period, be distinguishable by peculiarities in tlieir development ; but it is 
difficult to account for differences so remarkable as those which present themselves on 
comparing^ the statements of Bischoff with my own. There are only two observa- 
tions, indeed, in which we seem to he aj^rccd ; vtz. th;it the Spermatozoa penetrate as 
liu as to the ovary^, and that ova are often found lying near together in the Fallopian 
tube. In other respects there appears to be little or no agreement between the ob- 
servations we Imve lespecttvely recorded. Several of these, however, relate to points 
of cardinal importance. Thus BfscnoFP maintains that the ovum receives no new 
external covering, but that the " zona pellucida" of the ovarian ovum is identical with 
the chorion of the uterus. This, as alrpady stntod, was furinerly my own opinion ; 
and so nearly are tlie disappearance of one iiicmbrftne and the coming into view of 
uuotbcr uembnine htmultuneous, that it was not until near the close of ttiese lle- 
searchcs that I was undeceived (par. 331.). Bischofp states that during the passage 
of th« ovum of the Dog through the tube, the yelic undergoes changes in its form, 
liecoming angular; and he mentions certain gmnulous rings of what he supposes the 
second or inner membrane ; also that in some ova /rom the uterus he found tlic yelk 
uniform (in its consistence) and opal\e. I refer to my own figures for an explanation 
of those apparent rings ; and am couipeiled to add, that in the ovum of the Rabbit I 
liave not met with any solid substance uniform in its consistence, for a considerable 
period btfare the eat t/tke wumfrtm the Fatbphm («be. Can it have been that the 

t Lehrbuch der Physiolo^e, Bnte Abthcilung, Phyaiologie dcr Zcugung and Botwidcelung. Lci|n^ IMS. 
TbOM work contains within the tflMll compass of 140 pages, a luminous account of the prCMttt doettioe* 
oo genenitinn und devL-lojiment, together with a numhcr of new facts obs^ervcd by tlic author. 

I A Note has been added in a preceding page (par. 145.). acknowledging that Biscnorr preceded me in ttiis 
Steanij. T^wud* tha and 4rf Jum 1SS8 «bimed Spsniatflm «b n omy of the l}*^. OntheSdiaf 
tlic fulluwiiig St ptember I found tliose animalcules on an ovary of the Rahhif, nntl the next day (Sept. 6) ob- 
•erved a single Spenaatosoon on the orarjr of another Rabbit. Early in the following December R. Waombk 
{mnd Sperni«toso*wtlit])aKbetinai1fafiiiillinii,eliiwtol]>eomr. 

3aS 
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huccessive groups of vesicles (Plate VI. figs. 105| to 110.) which occupy the centre of 
the ovum (and are finally (6g. 113.) fonnd to contain the germ in thdr interior) were 
described by Bjschoff as an "angular" yelic ? That observer recognises a germinal 
membrane" in tbe ovum of the Dog. According to my observations tlie embryo ef 

fhe Ral)hit docs not arise in the substance of a membrane-f-. 

279. In addition to the foreg-oing statements of Bischokf, it may not be improper 
to refer to existing viewtt mther more fully than I have hitherto done; from wbich it 
will perhaps appear that the differeoee between many of those views and die opinions 
I have been compelled to form, is mainly attributaide to tbe absence of a suite of 
early stages. 

280. R. Wagner, in the latest worlc tliat has appeared on the subject^, remarks as 
follows. "In mature ova, impregnated or susceptible of impregnation, the geiminal 
vesicle disappears. How this takes place, whether in consequence of a sudden burst- 
ing, or through rapid dissolution and liquefaction, flattening down, diminution of its 
oontents, &c.» docs not admit of bdng with certainty determined ; so mnch is certain, 
that tbe germinal vericle has always disappeared as soon as the ovnm has lefl tiie 
oviiry. On the immediate Changes Consequent upon the disappearance of the ger- 
minal vesicle we have no more than mere hyixitliescs, for observation ha< bitlierto 
given no explanation of them," The same eminent autiior hul>sequently remarks, 
" Of all occurrences in tbe history of development, the reception of the ovum into the 
tubes, and its progress until it reaches the uteros, is the meet vtiled In obscurity. In 
Mam no one has yet socoeeded in observing ovula in the tubes : and it belongs to the 
most difficult and delicate of anatomical examinations to discover objects so minute 
even in Mammals, in which the lime of impregnation may be so exactly known. In 
Rabbits the ovula pass into the uterus from three to 6ve days after impregnation, in 
Dogs from ten to twelve days. In these animalB — ^whoso earliest period of develop- 
ment is the best known— several ova are separated and pass in snecesrion — ^rarely 
togetbet^into the nteras; and it would seem that the Graaitan vesicles also often do 
not all burst at the same time, but that single ones may burst several days before the 
rrst. The ovnla undergo but little change during their passage through the tubes; 
they take with them from the Graafian vesicle a part of the granuloiis stratum, which 
as an irregular, lacerated, disc-like structure, remcuns adherent to them, but is soon 
atripped off^.** ** As soon as the ovula have passed out of the oviduct into the uterus, 
they undergo the first remarkable changes, and grow rapidly. The following applies 
chiefly to the Dog and Rabbit, whose ova bare been the most frequently examined. 

t Since tlie obove was written I Imvt sten tlie plates of K. WAU.s eK'? work, referred to in par. 277 (Iconet 
PhyualogicK. Fasciculus primus, 1839). They are truly admirable. In reference, however, to the Figum 
from nofenor Biscaopt (tab. VI. fig. III. to VIII.). I am compelled to atite my bdief, tbit wlub tiwf Mm 
to show this very talented observer to be in advance of others in his acquaintance with the mammiferow ona, 
they also confirm an upiiiion I had previously formed — that he did not obtaia ■ mite of early ati^ea. 

I Lehrbucb der Physiologic, 1839, pp. 57, 58. 

4 11.94. 
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The ova, which in the ovary measured only iV to tV of a line, liave reached the 
•ize of ^ to I of a line. It is distinctly Been that the chorion distends and becoiuui 
thinner » the ydk-ball swells^ bat becomei more fiuid s as the dark granules disappear 
larger drops of oit come into vieir $ at the same time the snpedlcial granntons layer 

of the yelk acquires a inembrane-like consistence, and the granules present little ac^ 
onmnlations, which are insulated, and soon form, at a rcrtain place, an opake circular 
spot, which iu ova measuring a line is perceptible as a minute point with the naked 
^e. This spot consists of a stronger aggregation of granules, which rises somewhat 
sctttiform — ^being thicker than the rerouning membrane a nd soon becomes rather 
more pellucid in the centre, while the granules group themselves wall- or ring-like at 
the circumference. The granules of this disc appear to be distinct cells [vesicles], 
having in the ccntrt^ a initinte opake nucleus. The dotibU' membrane of these minute 
ova is seen very disiiiu tly whcu the ova have been but a few seconds in water; the 
outer perfectly transparent membrane— >wldch has no distinct structure — separates 
yery quickly from tlw inner, which invests the yelk and bears the grannlom spot. 
The outer membrane is the former chorion [*sona pcllucida'], the inner is the ger- 
minal membrane, blastodcrma, which as a membrane has aheady gro^m around the 
entire yelk, and perhaps at an earlier period — as a continuous granuious layer — in- 
Vested the same, while in the Bird as a disc- like object it occupies only a minute 
space on the yelk. Prolwbly the spaee between the two membranes is filled with a 
thin hiyer of albumen, which the ovuium has acquired in the oviduct and uterus, and 
which swdls by imbibition in water, producing a greater separation of the two mera- 
branc?:. The gramilous spot is the place from which the fortnation of the etnhryo 
proceeds, and hence has by some been caiicd the embryonal spot (ta<?he enibryonnaire 
of Coste). Whether the outer membrane continues to be the mo!»t external and be- 
comes the villous chorion, or whether yet a ddicate membrane, as c;Koehorion, forms 
around it, which some maintain, is doubtful ; but the former is the more probable. 
The ova still lie loose in the alerus, and have passed from the round to the oval 
form'l*.'* 

Hotaiory JHotitnu t^A MiMeny-Hke O^eet m Ftndet wider the JHueoiu Memhrtme 

«f the Utenu, 

381. In the course of my researches on the mammiferoos ovum I have seen in the 
nteru£ of the Habbit minute pellucid vesicles under the mucous membrane of that 
organ. These vesicles are frequent m that part of the uterus (under its mucous mcin- 
brane) which joins the Fallopian tube. By enlargement they resemble ova; and the 
observer is sometimes not undeceived until he attempts tu lift them from their situa- 
tion. The uterus has generally been more or less highly vascular when the subject 
of my examination. Whether the veslctes in question present themselves in other 
(fates of this organ I do not know ; hot on the inner surftce of what seemed one of 

i* p|k 97t M. 
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tliosK vesicles was seen a beBUtiful display of newly-formed rcssels, in which the red 
particles of the blood were »»rcely at rest, or at least were set in motion by the 

^ligll^est descent of the compressoriuni. I have been ready to imagine that the ov\g\n 
of tliLst' vosii'lcs, iti the ntrrus, and the phenomenon about to t)e recorded, may be 
i-oiiuected with the forinatiuii uf the blood-vessels and blood. The form of the vesi- 
cles in question is not regular ; and I have observed an obscure appearance, possibly 
indicating a communication between their cavities and a more internal fiart. 

'292. Being engaged in laying open for examination the oviduct of a Babbit, I fonnd 
a little mass adherent to the instrument, wUcb on being viewed in the microscope 
wm found to be a di tached portion of its inner membrane. Imbedded in this little 
mass was a vrsirlc (Plate IX. fij^-. 151.) of an elUpsoidiil foi iii, i'" in leiij^^th, consisting 
of a toleruhly thick meuibraiie, having un its inner 6url'ucc a hiycr of elliptic granules 
(vesicles ?)« and containing a pellacid fluid. This being apparently one of tbe veeides 
iti (|ttcstion, would not perhaps have been examined &rther, but for a remaricable phe- 
nomenon observed in Its interior. 

'2H3. In the centre of tbe flnid of the vesicle there was an object (see tbe figure) 
resembling the mulberry-like structure, which I have described in the mammiferous 
ovum (Plate VI. figs. 109 to 112.), actually rew/viM^' un its ouh luiis. The revolutions 
were in the vertical plane, a direction which was not observed to change. In point 
of lime they were not quite reguhir, being sometiroee rapid, while at other times the 
object seemed nearly, though not quite at rest. Twice the revolving body was ob- 
served suddenly to shift its sitnation in the fluid, make a short circuit, and then al- 
most immediately return to the centre of the vesicle. It had a diameter of Vt''. 
(vrannles (vesicles ?) were occasionally seen to start from their situation in tbe layer 
lining the membrane of the vedde, and move towards tbe centre of the fluid ; but 
tliey were not observed to attach themselves to the revolving body. 

"284. The object Avas watched rcvolving^ for lialf an hour, at the end of which time 
its ifvolntions terminated mther suddenly. The little mass then for a few seconds 
seemed to be at rest. It next assumed a tremulous motion, which — interrupted for 
a few seconds by a renewal of tbe revoliit]oii6>-H!ontianed for about fifteen minutes, 
making three quarters of an hour in all, daring which the object was observed to be 
in motion. And it is deserving of remark, that the Rabbit had been killed an hourand 
lialf before tlic examination was begun. Having' ceased to inove, the little mass was 
broken up by the conipres.sor, when some of its parts, still hanging- togetlier, pre- 
sented a renewal of the ti'emuluus motion just mentioned. During these obscrvatiuos 
ciliary motions were ver; vivid on the mucous membrane investing tlie vesicle in 
question. Tbey had become languid when the revolutions ceased. No cilia were 
observed on tbe revolving object Itself; but cilia may have been present, and from 
their minuteness invisibie'f'. 

i On tliL' subject of rilia n'^ a can^e of rotiitory motion, I refer to PiafCHOr Sbabht'i CSoeflcut pipv !■ 
Pr. Tooo'^ " CydofRdia of Anatunij and Fhj-siology," rol. i. p. 606, 
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285. I eaniiot better describe the appeennce of the objeet now referred to as re- 
volving on its own axis, tbun by stating that it would nut have been easy to distin- 
guish it from the inulbei ry-like structure (Plate VI. figs. 109 to 112.) occupyhiic in 
certain .«^tages the centre of the inainmiferous ovum, and contuining tlic striictun- 
whiclj 1 consider to be the priinoi'dial germ. The revolving object in the vesicle 
(Plate IX. fig. 1 5 1 .) was however snmUer. The vesicles (fig. 1 52.) composing t he sor- 
fiice of the mulberry-like stnicture in these vesicles vary in their eiae, many of them 
measuring t^t"'* Among them I have repeatedly observed several globnies, or rather 
vesicles, wliicli appeared to have occupied the centre of the mass. They were Inrger 
than tliojiL' at the surface, graiuilous, yellowish-brown in colour, and rontaiiu-d tlu in- 
sclves u glubule. In some instances 1 iiave observed the whole nuilberry to be tinged 
yeUowish-brown» the colour being deepest in the centre of its vesicles. The vesicles, 
it will be observed (fig. 169.), contain objects (nuclei ?) in their interior. 

386. The phenomenon of rotation of the central mass in these vesicles I have seen 
only once, bin it has not been particularly soii;;^ht for. Frequently, however, ha^- the 
existence of sued a mass been observed with the same mulberry-like Conn. And in 
repeated iastaoccs the vesicles of the mass, more or less separated, have exhibited 
the tremulous motion above mentioned. In one instance the motion was com- 
parable to that observed in separate globules when in tlie neighbourhood of cilia in 
motion. 

28/. It lias been'reniaiUcd by Professor BuRDACH-f-, that " the niaintniferous ovuui, 
not only in its form, but ulso in its vital relations, resembles a hydatid." The re- 
semblance, however, was probably not conjectured to be so very close as from the 
dxnre fects it appears to Im. (Compare Plate IX. fig. 151. with several of the figures 
in Plate VI.) It remains to be discovered whether the mullKrvy-like structure with 
its germ in the ovum of Mammalia, ulso performs rotatory motions. The thought 
that it may do so has naturally sugge'Jtcd itself, from the sti ikiiii,' resemblance in 
form, composition, and locality;]: of that structure iu the niammilerous ovum and the 
uterine vesicles in question. 

286. It is known that the embryos of a number of MoUusca, as well as the germinal 
grami&f of some Polypes, &c., perfot ui rotatory motions. We are indebted to Pru> 
fessor Grant for some very interesting facts on this subject. Sevei-al ob.servers havi- 
noticed this phenomenon in the ova, or i/eik-bail, of certain animals. An instance of 
its occurrence in the latter appears to have been observed by Lbbuwe.shoek in ItiUj, 
but the subject claimed little atteutlon nntll revived by Cahus and £. H. Wbbbr. 
Cakus^ has invesUgated the snhject in Mollusca. With reference chiefly to the ob- 

t L. e., vol. ii. p. 820. 

} It is aot uausual tu meet with vesicles in which the object iu qucation ajipcara to have left the centre uf 
the eirity. «hS appmiched memfaniie m one tid* (pu. 185.). 

4 Von (!l'u fiuxrcrn T.ebcnsbctlingungen der wciss. uiid koltbliitigLn TUciV* 182$; Aod N«tte Vntmucb'- 
uogen iiber die Etitwickclungvgesclticiitc unserer FtuHmoachel, 1832. 
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■erratioDS of tbe last-named aathor, BuRDACH-f- states the following regarding the on 
vXIAmnanis stagnalis. " With the incipient formation nnd development of an embryo, 
the yelk-ball performs in the vertical plane [par. -28.5.] rotatory motions around its 
axis, the cause of which has not been satisfactorily explained. The yelk i^raaules 
twell, md become large and vesiculat. Afler some days tbe revolatioiis beoome 
weaker.** la it not poadbW, that the so^lled <' yellt'* in this inslance, the grannies 
of which became " »MicM/ar," really cori-cspondcd to the mulberi-y-likc sti ucfure I 
have met with in the ovum of Manmialia nm! in the vesicles just mentioned? Carus^ 
has mentioned rotatory motions as occurrhig in tlie ova of Unto tumida. These were 
horizontal, and accompanied by a change in the form of the yelk. The same ob- 
semr saw in Aaodmta iniermetSa eorresponding' motions, wbidi were subject to 
temporary cessation, and the direction of which was irregolar. 

289. It is an interesting fact, that in two out of the three genera above mentioned 
— as afToicliiif,' examples of revolving ova — there lias been observed a structure that 
appears to be essentially the siune as that whicli I have met with in the ovum and the 
uterine vesicles in question of Mammalia, producing the appeiirancc of a mulberry. 

Corrapondeitee m the Blemtntaiy Strwiurt ^AnimaU ami Plant*, 

390. Few microscopic investigations have led to discoveries so interesting and im- 
portant as those of Schwann on the correspondence in the structure and growth of 
animals and plants ; and oirtainiy no stronger pioof can be required of the importance 
of the history- of development to phystology. That author, basing his researches in 
the animal upon the ^seoreries of SobuudbnH in the vegetable kingdom, has demoo- 
Btrated that in development tbe same phenomena are exhibited in both. He has 
shown not only that animal tissues in general, like those of plants, are reducible to 
modifications of vesicles, or as he calls them "cells," — but that the mode of origin of 
the vesicles or "cells" is essentially the same in animals as Schlktuen had discovered 
it to be in plants. The membrane of each vesicle or "cell" is formed ut the surface 
of 8 previously odsting nncleos, which is a minute, spherical, or elliptical, and often 
flattened body, having a grannloos appearance, and found by ScHuiinmt in many 
instances to contain a nucleolus^. The membrane of the vesicle was found 1^ 
ScHLEiDFN to rise from the nucleus, and in the early progress of distention to present 
nn appearance which he compares to that of a watch-glass on a watcli. The analogy 
now mentioned extends to organized as well as unorganized aiumul tissues; and even 
the blood-vessels are formed of vedcka or " cdls." Farther, dementary parts, which 
In a phymological point of view are entirdy diflerent, baTC been shown by Schwann to 

t t L. e., Tol. ii. p. 224. | Ncue Uatcnuchungen, &c. § Mikroskopische UntenudtUDgen, &e. 

H fiauige nv FhjU^eaem," in MSiub'» AtOm. 1838. Htft 11. 

% The nucleus hud hvcn known to other botanists, its importance having' been first eoncctTed by our vciy < 
dktinguiahed countryman Kobbbt Browit: but its property of origioatiiig the " cell" wu th« diworo; of 
ScBunaor, yAa tem 06» V^ftttf jnfotu Co <lwM>miwm> it tiM « QrMUn^." 
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follow the same laws in their developtneot. Thus whether a muscular fibre or a 
nervous tube is destined to be formed, the foundation of both consists of vesicles or 
"cdls,** iriiich have arisen in the manner above deserilted; and it is- tbroufh tiie 
modifications which the vesicles undergo, that a muscular fibre on the one bandj or 
a nervous tube on the other, is produced. " Tn short, there is Ihr alt tlie eiementaiy 
parts of organisms a common principle of development." 

291. It will be interesting to refer to a few of the facts recorded in the foregoing 
and the previous memoir, in connexion with the analogy now mentioned ; and if 
those facts should be found in any way to exemplify it, tbey will not be tbe leas ad- 
nussible from my having observed them in the course of researches in which this 
analogy formed no part of the object I wiis in pursuit of. 

292. Both the nucleus and nucleolus were figured in my "First Series -I-," in the 
peculiar granules, or rather vesicles of tbe ovisac, though I was ignorant of their im- 
portance. It will be seen indeed that those pecoliar granoles (vcrieles) fiMtn a part 
of more than fifty figures in that paper, and that the nndeus is represented in almost 
every instance where the sIk admitted of it. This is mentioned merely to show that 
those objects (the nucleus and nucleolus) were not overlooked, for to Schi.eiden 
belongs the merit of first pointing out the nature of those olMt rrs in plants, and to 
Schwann that of recognising corresponding structures in uauuuls. That memoir 
contafaied aho tbe drawing of a spot;); on tbe Inner snrfaoe of tbe membrane (tf tbe 
yelk in the ovum of the Frog. Of that spot I did not attempt to ofibr any explana.- 
tlon, simply stating its appearance as " a spot which I always find on the internal 
surface of the menibiana vitelli of the Frog in ovisacs of about this size [^"']. This 
spot does not appear to iiave been liitlierfo described. It is generally elliptic, rarely 
round, has a well-defined contour, aud is perhupii hligiitly lenticular in form. In this 
instanoe it measured in length, and is often of at>ont the same sise. It appears 
to be composed of grannies^ The spot Id question is obviously tbe nucleus of the 
memlirane or vesicle on the inner surface of which it occurs ||. 

293. The vesicles which coiTstitnte the outer portion of the mulberry-like structure 
(Plate VI. fig. 1 10., Plate Vill. fig. 130.) present each a nucleus^ and nucleolus. 

t L. c, Plate VIU. fig. 73. 

i £.c.,FUteVI.llg. 1M.iP,udittlbe|iMMiikpqMr.I1ateV.lg.84|.*. 4 i>. e., pw. 40. 

II TliO existence of this sjwt wi!l jirobably be founJ of some importance in detennining the tirilcr of forma- 
tion of the Bereral parts of which the ovum is composed. And it is prajier to stale, that SciuBiDCJi'e disoovciy 
in phala of th* orfi^n of vedeles ("edla") m » mdem, ud the eztenioo of tUa Haeantf to nbiab bjr 
Schwann, must neccitsanly- modify some of the conclusions in my "First Series" as to the order of formation 
bare tefcfred to ; but in the piewnt aciica this has not been the mlgeot of invcttigation. I would ranaric, 
kownor, thet if tfie apot on the inner aoiflue of fhenmbnuw vltdB la Qm ovnm of Oe Frog is pieewt in 
the oomapooding membrane of other ova, tbe formation of this membrane is doubtk earlier than that of the 
germinal vesicle itself (par. 242.). I hnve ohaenred the at|om» in the nei^lwttrliood of an oviaao to appanr 
as if composed of veaidea with nuclei. 

% It is not probalile, homttr* dwt tiie nodena here releirad to in of An anae Uad an tfant ealiad the 
• ( rt hla^t " by Scniamm (eee p«r. 911. end Hs leat NoM.). 

UilCCCXXXIX. 9 A 
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294. The vesicles composing the layer (am.) on the inner surfsice of the mem- 
brane / (Plate VI. figs. 1 1 1 to 1 !/., I'hite VIII. fig. 129) have each their nucleus:^ and 
nucleolus. Hence the amnion — formed as it is out of these vebicleii — luuv be udiieil 
to the stractores already found to be referable to a *' ceH"-forination. 

995. Ttie kuafoa ia which I rappose the bhwd and blood-veaaeb to form, prewated 
ia itB mode of origin a series of changes which do not seem to have been before ob- 
jservpff in any animal, and it will be seen that they are most intimately connected with 
the preHCiU sul)ject. (See par. J9(j. 107. 5^01 to 204. 21 !.)• 

290. The yelk-globules are true vesicles, containing other vesicles (Plate V. fijj. 8/.). 
The vUU of the ofaorkm are vedcles in which I obaerved objcctii having the appear- 
ance of vesideB (Plate VIIL ig. 141.). The whole embryo indeed ia composed of 
vesicles (Plate VIII. figs. 121 A. 1218. 122. and axid even the primordial germ 

itself (Piute VI. fig-. 1 13. bb.) oeems to have been the nudene of the vesicle in the 
centre of which it lies'!*. 

997. I have now to mention a fact w two regarding the natnre and properties of 
nncld. ScBLKiOBN soppoeee tiie nnciedos to exist befme the nncleiu, and Schwann 

believes that be has observed the formation of the nucleus to take place around the 
nucleohis. Hence the last-mentioned observer consider3 tliaf it may be said, "the 
formation uf the celt [vesicle] is only a repetition around the nucleus, of the same 
process through which the nucleus was formed around the nucleolus j" the difiereoce 
bdng only in degree. In connexion with this view Schwann refm to the fact, that 
andei often become hollow vesicies. On the period of origin of the nucleolus I bare 
no observations, except that its existence was not appreciable in any of the nuclei re- 
presented in Plate VI 1. figs. 120 ami 121+., and not in all of those in Plate Vf 11. fig. 160 J. 
Several observation.*), however, enable me to .'itut'.' that objects occupying tlie situation 
of nuclei are sometimes hollow vesicles. Hach for instance was tbeir condition in the 
amnion (Plate VIILfigs. 199. 130^.) and in the lamina snbeequentty Tascnlar (fig. 1 50|.). 
I have, also observed that with indpient decomposition of the peculiar grannies 
(vesicles) of the ovisac, their nuclei appear like vesicles, filled with a colourless and 
pellucid fluid (Plate V. fig. 102. g.). Wlietiicr thU results from distention of the 
nucleolus (frequently seen to be hollow), or from liquefaction of the contents of the 
nucleus including the nucleolus, I do not know. 

999. The following observation (before noticed) may serve to extend our Itno%rledge 
as to the properties of a nucleus. If Plate V. fig. 89. 6. be referred to, it will be seen 
that the germinal spot (as such) has disappeared, and that in its stead are several 
vesicles with intermediate granules'^. From those vesicles tfie cf^rminal vesicle (c.) 
did not appear to difter except in its greater size. This was the clfcct of incipient 
decomposition. Here then the germinal spot (possibly, as supposed by Schwann, a 

t See Um fint put of Um Note to p«r. 166. ; See tike NoU to pw. 293. 

f lntfM«TiiBFht« V.CB.86.aeimp1iMMinmiaB«w6bHCW«,lkM 



Digitized by Google 



DR. MARTIN BARRT*8 RESEARCHES IN BMBRfOLOGT. 



361 



nmdem in referenee lo the germinisi ve^le) was seen to have resolfed tiself ii^ 
skies i a fact, whieb seems dewrving of notioep as bdng tbe result of decomposition. 

300. The primordial germ, as already stated, seems to be a nucleus. And here we 
find the most important of all nuclei resolving itself entirely into vesicles, — the first of 
these vesicles containing that which I have denominated the peripheral portion of 
the germ (Plate VIIL fig. 148. bbK). (iSee the primitive changes in the germ par. 209. 
212 to 91$. 819. and Plate VII. figs. 121 A. 191 B. 199.}t. 

801. The vesicles eshlbited in Fhle VIII. fig. 149. constitnted part of theincipjeat 
embryo in an ovum of 11 1 ^ hours and measuring -}■"'. They were drawn after removal 
from their situation, and after the ovum had lain forty-eight hours in kreosote water. 
It will be seen that those vesicles contained two or even three minuter vpsielcs, in- 
closed the one within the other. The arrangement was not concentric, ail tiie vesicles 
being in contact at a certain point, while on the other iiide there were intervening spaces. 
This vrasobservcd to be the case with the vedclesinto whieh the germinal spot, above 
reHerred tu, had resolved itself (Plate V. fig. 89. b.) from incipient decomposition. 

302. In these researches no objects have so frequently been met with as those which 
I have called "dark globules." They present themselves with the earliest iifipear- 
ance of the ovum (Plate V. figs. 8! to 8.3.), and in many stages of its devehjpmcnt. 
Wherever a part h beginning tu be formed, or the formation is vigorously proceeding, 
there are seen dark globules. The yelk, the peculiar granules (vesicles) of the oiisac, 
and the tiUi of the chorion afford examples. Th^ are present in very laige qnaatity, 
among the vemoles of which the incipient embryo is composed (Pbte VIII. fig. 149.){ 
and here they appear to be no other than the foundations of new vesicles. (Com- 
pare the inner with the outer part of bb^ in Plate Vll. lig. 121 A.) 1 am disposed to 
think that this is the case in many other instances. For example, the vesicles 
destined to form the yM of the chorion arise in this manner ^r. 928.) ; and the dark 
globules of the yelk we have seen to be true vesicles containing other vesicles (par. 
121. and Plate V. fig. 87.)- 

303. The space between the membrane of an outer and the memhrane of an iimer 
vesicle (or nucleus) seems in many instances to he thr phiee of origin of dark glo- 
bules, or incipient vesicles;^. During the primitive changes in the germ (par. 312.) 

t The ■^fWflWfT in positioa anti appearance between the genn (Plate VI. fig. 113. bb.) and the germinal 
«]>ot after impregnation (Plate V. figs. 93 and 96 b.) ia ver^ remarkable. So great u this leaeinbluuie that at 
iant I suppoted and recorded it to be the germinal spot and vesicle again coming into view. And it liu been 
floly \m. coBwqmaM ttm/iatiWtfta diiearar ttete olfjeota in intemM&te stages (mieh as tluwe rtp wi s n te d 
in PlntP VI. fij. 105| to 108.) that I hare been induced to g^ve up the opinion that the ppnrtinal spot is 
identical with that which I have called the germ : and toiaaiatain (as 1 am compelled to do) that the gem is a 
new ftniMitinn. aoteriginitiiiy qatil after tfie mvm hM been Isenaditsd. The raenUaBoe iMtween the SHb. 
se4^uent appearance of the grrm, lu composed of vcsiclc^i (Plate VII. figs. 121 A. to 122.), and the coudltion of 
tJiegenunal spot when undeargoing dccompoeitioa (Plate V. fig. 89. i.)^is not less remarkable. (See, howerer, 
^ fart fKt olAe Note to par. tSS, and tfw Notes to par. IM and 197.) 

X b fiant^aeeovttvgta Sanuwur* tha arigin of resides witiiin abeadf eiiiting vceaeka ia Madyor qaitB 

3 a8 
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an example of this occurs (Plate VII. figs. 121 A. to 123. hbK). Eacii of the concentric 
layers of which the germ oonsiste^ is so distinctly drenmscrihed as lo appear deH- 
calely membranoiiB at its sarfiuw (par. 918.); or in other words, each ooneentrie 
hiyer appears to be contained within a vesicle. Now here, as just stated, the later* 
venlng spaces are occupied by dark globules, subsequently funning vesicles. 

301. More particularly considered, the sitiTation, and perhaps the place of origin 
of the dark globules in question, is in some iustances on the outer surface uf tke inner 
veride or nudau ; of which Plate VIIL fig. 150. atbrds a lenarkaUe enunple, in the 
lamina subsequently Tascalar<f>. Tbe dark globules in the network Plate VIIL fig. lUS, 
in every instance sarround the nucleus-f*. The yelk-globoka (vesic-Ie.s) seem to arise on 
the outer surface of the germinal vf sir !p+:-^. In other instances the foundations of new 
vesicles arise as dark globules on the external surface of an outer vesicle. This is 
the case with tbe vesicles forming the villi of the chorion (par. 223.) ; and perhaps 
the "Isdated spots*' occnrriqg in the Graafian vesicle may be mentioned as another 
eixample^. 

305. On tbe liquefkctloD of the membrane of a vesicle dark globides are aosoe- 
times libemted. This takes [^C^ for instance, when the membranous portion of the 
network (composed of vesicles, par. 201.) Plate VIII. fig. 132. disappears. (See Plate 
VII. fig. 120. Whether the dark globules which the latter fignre shows to have 
been set free, are tbe foundations of new vesicleii, I do not know ; but in an ovuiu of 
about tlie same sue the corresponding part presented vesicles in such quantity as to 
he pressed timber into polyhedral figures, Plate VIIL fig. 150. From some observtS- 
tions on the vesicles of which the itici{)ient embryo is composed, I am disposed to think 
the dark crlohulcs exhibited in Plate VIII. fig. 149. (or apart of them) may baire been 
liberated in tbe same maoDer. 

306. In Plate VIII. fig. 143. is an ovum of twen^-tbree boms from the Fallopian 
tube. It was fonnd with five others, and tb^ were all lying very near together. 

These ova bad penetrated about ^ to ^ an inch into that part of the tube where its 
calibre suddenly diminishes ; a part which when rolled between the fingers is found to 
resemble the vas deferens. In this ovum (fig. 143.) tbe chorion bad not separated 

utveiwl. bi die fbraadgB of tniiiid IImimmw on the olfacr hud, SoawAnt fbond tfab to be nre^ Ae «eoe. 

TTic ntiscnntion!. howe'-nr mw referred to, of the origin of ve?iclc? in vesicles, relate to a period anterior to 
tbe fonnation of even tbe elementary parts of tuauea (nerrotu tubes, muscular fibres, &c.). and therefore art 
Bot neeMwrity oppoeed to fluwe ot ScBwamf. 
t See the Note to par. 298. 

: See my " First Series," /. c, Plate V. figs. 14 and 16. It is interesting to find, as alntKly stated, not 
only that the formation, but also that the liquefaction of tbe yeIk-globule« (vesicles) begins amnid the germinal 
fwiele (Fhte V. figt. 99 ud 100.). 

5 TTiese " isolated spots" were described in my " First Serie«" (par. 59. Plate VIII. fig. 66.) as eoniqsting 
" of one of the peculiar granules [vesicles] of the Graafian vesicle, having a peripheral accumulation coosistiog 
«f oiUibe ^bbnhk" 
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iirdm the inenibRuie /, bttt it wat visible as a dark line surroundinir tbe latter. 
also Hate V(* fig. 104. «.) The membrane/contained tvo objeets measuring respect* 
ively iV"' and -«ir'' in length -f^. Those objects had the appearance of two ydk^balls, 

»nd I am by no means sure that this was not the case. It Kcems possible, however, that 
they arose from a division of the previous yelk-bali into two portions. If so, this ovum 
was in a stage between that represented in Plate VI. ti^i. 105 and 10G|. Tbe resem- 
Maaoe it bears to the ovum of fiatrachian Reptiles after tbe first division of the yelic 
has taken place is mttarkable^, and fannirs tbe latter supposition. Having met with 
but a single ovum in this state, however, I must leave this quesUon fbr future obser> 
vation to decide. In each of the t^'o objects present in tbe ovum novr referred to 
(Plate VIII. fig. 143.) tbeix was observed a brilliant point. 

. 307. Tbe stages of tbe raaniiitifeious ovum, exhibited in Plate VIJI. figs. 106 to 
106. presenting as they do successive sets of vesides, each set consisting of smaller 
and more numerous vendes than the last, suggest the idea that in the interior of 

each vesicle there arise two or more infant vesicles, the parent vesicle in each instance 
disnpppariner by liqnpffirtion. Tho.se later Stages also bring to mind the divisions 
and subdivisions hrst observed by PasvosT and Dumas iu tbe ovum of Batracbian 
Reptiles, and since found by Rusconi to occar in some osseous Fishes ; suggesting 
also that these divisions and snbdiviaioos may be referable to tbe formation of 
vcrieles||. Roscom observed hi the ovum of the Frog that some of the masses 

t The yetk-ball in the other ova found at the ttme time had a diameter in one inatance of |^"', and in 
™a.erof^"'. 

: It will be obwrved that tbe anm fbta VIII. tg, t4S. it caUbiled OB tlnrgar acab dm tke o«m in 

FUte VI fig. 105 and 106. 

f CoiD}i«re Plate VIII. fig. 143. with figarea by Ruscoki of the ovum of the Salamander aad the Frog 
(lieuw'a AldiiT. 1836. Heft II. Tab. VIII.). 

H ScHWAXW, without knou-ing of the formation of the vesicles wLieh I have detcribed in the centre of the 
mammiferoM ovum, conjectured that poeaibly the diviaiona in the ovam of the Frog. &c. might be reducible to 
afcniMtioaor Tedclea: ■* two veaiolw lint devdnfii^r tlNii"dw tht ydk, fa «Mb «f CbeauHtwo 

new Tcaiflw, and ao on." (/. c, pp. GI. 62.). Biscbovv after oboerving the yelk to have, m he supposed, an 
" angular" appearance in the ovum of the Dog, proceeda, " I have eometimea aeen forma ao remarkable, that 
Hk flioBgbt oeeuiied to m, wbethcr Aeydk of the i— iiiiifeiwiii of uBt dto imdanyoei rlwwgea in Ami •""■e"*' 
to tboae in the ova of Fiahea and Batntchiana. But unfortunately these forma of the yelk are very aoon lost, 
to aoon aa the on» la placed in water or raliva, probably tfaroaf^ wnhfliition itf tbia fluid. Ucmo I have not 
boea aUo to note WDO of AsB." (/. c.,p.96.) It appaon to nMi, tlirt wliot &KiHon ken twHM "nnaifc. 
idUo Saamm of the yelk" DHt have correaponded to my nnlbonrjr-like atmotore in iU different atagaaj— Hut 
observer crncludcs the acconnt of his researches with the following remarks. " Putting to^-thcr my more 
recent with the earlier ofatservationti, i think the process of the formation of cells is the toUowing : the yelk- 
glHMdaB fiiit gnnp I h t aie l wi in mlier gicAnlir rnuun CnooM]. irliidi dm beooMO aononoded bf • odi. 
With the groxrth of the cell the granulps pcparatp from one another, group themselves in concentric ringi!, and 
now the nudci become new ccUa, until at laat each yelk-graouk is aunounded by a cell, and the germinal 
Bw wihionc ia oo famed aa in Sgfc VH. and VIII.. aAere eoch odI rrnil i iBa o ajiplo nodoaa. IaCga.IV. Md 
V. the cells arc still few, and hence then; arc many granules in each ; in fig. VI. there arc already mOlO VeaidOB 
and the giaaulca are fewer; in figa. VII. and VIII. theceUaare still mote aumeroaa and caebooiituiMoaif OM 



Digitized by Google 



364 



DSL MARTIN BARRY'S RESEARCHES IN EMBRYOLOOf. 



(vesicles ?) resulting from the divisions and subdivisions, presented cavities in their 
interior. Von B^Fn-f- and RusconiJ have both figured a flattened "cavity" in the 
ovum of the Frog on that side where the divisions and subdivisions (i. e. the formation 
of vesicles ^) bad most rapidly proceeded. Does this "cavity" correspond to my 
veiide whkdi contains the germ^ r 

AHemakHU Ova, 

306. The object represented in Plate VIII. fig. 144. WW found with four ova in the 
uterus about | inch from tli(> Fallopian tube. The period was 1 1 hour" The ova 
measured about ; the o!>i( f t in question -rV'"- The latter consisted of the foUowr- 
ing parts ; viz. an outer membrane {/), resembling the thick transparent membrane 
(** WRia pettndda") of the ovariRa ovum i an inner pear-ahaiwd memhcaiie (e), in 
length, having considerable thickness ; and in the intefflor of this •eoond merabraM^ 
two Tendes, one of which measured ^v*"* the otiier The merabniies of llMta 
two vesicles also had considerable tliieknessi. All the membranes were transparent, 
and contained a colourless transparent fluid The two smallest ve^^irlc^ presented n 
mass in their centres having a granuluiis appearance. I am disposed to tiiink this 
object was an ovum, but it is not easy to determine the nature of its parts ||. On 
another occasion I found in the uterus an object ttS ^'^ resembUng the alwve, hot the 
second membiane (e) was not present. 

The origin of Tis^nex subordinate to a division into farms. 

312. It will be remembered that the germ when first seen has the appearance of a 
granulous thick-wallcd hollow sphere, containing a l)rightly pellucid fluid (Plate W. 
fig. 113. hh.)t and that this object having separated into two portiuus (Plate VIII. 
fig. 1 48. W and (ftK)* the central portion undergoes the foUoiring changes % It pre- 
sents a pointed process (Plate VII. fig. 118. and resolves itself into vesicles. 



nucleus. If wp wmitd extend this proceas still fartlicr, the changes in form of the yrlV arc infixed k) deter- 
ouaed, tbat in th« first place all th* yelkognmuJes ore iocloard in two, tben in four, then in eight, &c. ccUi, 
mtil each y<lk.gnmwl* hiwita cdl nd thmmit h Urn ftrmtml mtmb em u Ufinati iaitUtk*9ti»kt§ ^Ae iMliyi. 
The odia are besides of ditft rent bixpf ; in fi^. IV. and V. most of them measured 0|0014 tP OyOOlS Ftt. iM^ 
bat «»» only 0,0008 lha. inch." (/. c, pp. 100. 101.}. (Sw pw. 314 to 917.) 

t MDujm'a Aidor. 1894, Heft Vt. } A. 1888. Heft It. 

% SfaosU tiie analogy in question really exist, it will prove that Uuscomi was correct when he stated, ia 
op|W!»ttion to the opinion of B.ver, " that the furrow? m the oviini of the Frog are the effect of impregnation, 
and not the means by which impregnation is facilitated." (Miii.LEa'a Arcliiv, 1636. Heft U. p. 208.).» 
R. WABHia edopta Una opiidMii of Rneooxi (LeMmdi. Aft.). 

II Farther observation^ hnve satisfied mc that this was an orum aborted in a stage between tlic r iniitinns 
t«pre*ented in Plate VI. figs. 105 and 105^ (see par. 317. NoU.). 'lite other object above mentioned as mcap 
taring f", appeal* to iMn* been mimnB aberted a the itate npraNDtod in Fhto VI. fig. 105^. InariOir 
ef these ova had the chorion arisen. 

% Bee. houfver, the Notae to pw. 198 end 197. 
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Wbfcti aie ifltpoted in layers (figs. 191 A. to 132 M^). Lajer afker layer comei into 
view In the Interior (eneh layer appearing as if inyeated by a delicate capsule), whil« 
those prcTtuusly occupying that litnalioii are poshed further oat. These dianges nay 
be called prtmith "-\-. for at a certain period no more layers make their appearance, 
and the cavity inclosed by the most central layer becomes enlarged. It is very in- 
teresting to observe, that before those primitive changes have reached their limit, a 
•tmetnre is produced (by the layer* of veBides in quesUon) baying the form of the 
oential ponioii of the nervooe syetem, ineloding even the einns rbomboidajls of the 
WfAosA cord;^. It is also int<n«8ting to find that the foundation of the vascular system 
Is a part of the pr in>ordial germ (par. 216.). The nature of the alterations which the 
germ nndergoes immediately after tlie termination of the primitive changes novv re- 
ferred to, I do not know, not having carried my investigations beyond ttiuc period. 
It it probable that they ooonat chiefly in the formation of new vedlcles. The olqect 
represented in flge. 186 and 196. — met with inddentally — was in a much more ad- 
Tanced state as to ybmt, and exhibited an incipient division into further forms (par. 
2 1 H ) ; yet it presented no trace of separation into tissues. The origin of tissues, Ihen^ 
ia subordinate to a division into forms. This may serve to elacidate the fact, that parts 
in different animals, having a general resemblance inybrm, are sometimes the seat of 
very dUferentywiMlson*. And if the primordial germs of organised heiqgs in general 
resemble one another in appearanoe, a* mneh as, from my observations, it appears 
that they do in some instances very remote from one another, it is not surprising that 
there exist resemblances in the subsequent /mnus ot beings more nearly allied. I 
refer, for example, to a curious rescuibiauce between the mamuiiferous germ with its 
vesicle— as exldbited in Plate VI. fig. 1 13.— and the cytoblast** and spmw of a cryp- 
logamoiis plant (llfttiiipia kBmgata)^ — as figured 1^ ScHuinaN in his paper on v^e* 
table stmctnre^. This observation will perhaps be considci'ed as not nndeserving of 
notice in ronnexion with the subject of analogies in the fundamental structure of 
oreranizcd heinirs We find also, that there isa period in the formation of the Mammal 
— and theretore, it may be presumed, of Man himself — when the immediate founda- 
tion of the new being is contained within a simple ■'cell," vesicle, or sac. 

M^hod of Q^aiamg the minutest Oca in the it eras and Fallopian Tubcf mtd a nude 

of preserving them white under examitiation. 

313. The almost entire absence heretofore of observations on the smallest ova in 
the oviduct of the Mammalia, may be attributed to the difficalty experienced by ob- 
t TlwMfMnliaaaftiwgamiBtoacaiilnltadBpen^ 

I I apprehend it wuuld be an error to suppose that the fluid contained within a tube i* the first appearance 
«f llw MOtnl portifio at tlw nernMu qrttem. Its originul fouadatiQii seems to be jnrcMnt fnm the first ; and 
to fenn. ■» above ttnted, b teen bdbre tfwt of aay other pait. Tht object repmented in Flete VII. fi^. 125 
and 126. — and more partiontnly to iuMr pecU-I in dapoied to (Mnk cooiiited diM^ of the linndMiagi of 
tbe oeotral portion of the nennow oyitia. 

i I,, c. Tib. m. fg. II. 
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fwvert ill oMiiiiig ol||fct8 so minnte, (ind to tbeir {nabUity to apply to those dsficste 
oldects-'When found — an equally delicate manipulatiun. My own efforts were for a 
long while nearly fniitless from the same cniific's f [)ar 166 ). Rnt experienrp having 
at length enabled me to surmount in some liLgree thobe ditiiculties, I will dt-^t nlie the 
means by which this may be accomplished. Before conHiiencing the cxuiuiuutiou 1 
provide sereial discs of glass, of aboot the diameter and thieltness of a small waftr. 
Some easily comprenible oify suiMtanoe— I enaploy glasiers* pnt^>-is then rolled out 
into the form of a slender thread, and aportion of it in this state formed into a ring upon 
each of tbp glass dis(^, in such a manner that a closed cavity may he produced in the 
centre when the disc is inverted and placed upon a plane surface. — The t (cruw I laving 
laid open its cavity, and ascertained, by a careful inspection uf its walls, that the ova 
are not visible with the naked eye, or by means of a pocket lens, — I proceed to remove 
succemive portions of the mncii8» beginning with the sodhce nearest to Uie FUlopfam 
tube. This is done by scraping it off in small qoantitlm with a broad scalpel, the 
mucus so removed being carefully transferred to a piece of glass. If tliis glass be 
held up to tlie light and examined with a lens, the observer at oncedetect'^ an ovum, 
if present, from its peculiar appearance as a pellucid point, distinguishable trom a 
bubble of mr or a globule of oil, by the snmU refraction of light which oooais at its 
sorAee, when viewed in such a mcdinm. If the quantity of muens which lies above 
the ovom be too great, it may be removed with a very fine hair pencil, care being 
taken to avoid touching the ovum itself. A disc of glass furnished with its ring of 
putty above described, is now to be inverted over the mucus, and slight pressure used. 
A closed cavity is thus made, which is so minute that in a cool atmosphere no senbible 
evaporation can take place, and the ovum may be viewed for a connderaUe time hi 
a nearly unchanged state. The object in having the upper ghiw Mln, is to admit the 
use of magnifying powers having a short focal distance. From the yielding nature 
of the putty, a compressor — if refjuired — is thus ready forme<i. — The Fallopian tube. 
The following passage occurs in the paper, before referred to, of the indefatifnible 
CRiriKSHANK'f't ** Searched in vain for the ova on the right side ; at last, by drawing a 
probe gently over tfaeFaltopian tulie on the left side, before it was opened, more than 
an inch on the side next the uterus, I p res sed out several ova, which seemed to come 
from about its middle, us I begaii the pressure there, and the ova did not appear tUI 
the very last." Yet Crciksii.\nk himself seems not to have applied this method in any 
other instance, for he subsequently mentions that some of the ova of another Rabbit 
"were lost from the great difficulty in sliitihgup the Fallopian tubes without bniising 
the ova with the fingers or with the point of schisors^." To the casual mmitioQ by 
CauiKSMANK, of an tdtemative resorted to by him on one occasion, — which seems to 
have remained unnoticed fur nearly half a century^ — I am indebted for a mode of ob- 
tainingova from theFallopian tube, that— with some modifications— I nowalways prac- 
tise; and which, had I used it from the first, would have enabled me to !n( hidetn the 
t L. c p. 208, £:q>erimeQt XXIII. X L- c-. p- ^(i. 
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Table hereafter piven (pai-. 319.) a much lari^er number of ova from tliat narrow pas- 
sage. I never iay the tube open, iiavlug witli tine scissors removed uli the adhe- 

rtat sabttaaoe,*-'4ak!njf care not to apply pretrore to tlio tnbe at any part, — I exteod 
it in its whole length, di^de it in the middle, and proceed to examine the uterine 
or ovarian half, according to the age of the ova. This is done by cutting utt a Bmail 
portion — say half an inch — of the unopened tube, and pressing out its contents npon 
a piece of glass with a scalpel. (It is probable that some ova are thus destroyed. But 
this is of no coasequence at all, when we recollect the time saved, und the difficulty 
in obtaining ova by any otlier means.) The glass contuning tbe mucus from the 
portion of FUlopian tube, is then to be held up to the light and examined with a lens 
as before. If from the minuteness of the ova a lens is insuffident, the mucus may be 
examined in the mieroscope with a low power, — say twenty-five diameters, — when 
the ova if present cannot fail to be detected, whatever their minuteness. It not 
unfrequently happens that several present ttiemtielves in the same field of view. 
When the mucus is found to contain an ovum, tin little disc of glass with its 
plastic ring should be kukmtfy applied, to prevent evaporatUm'f*. 



SacoND I^emcnirr. 

Froettt hf wMek the piiwiiHve Omm» tmdargov XHvidon and SiA£winoii,-^Fnb«klt 
Analogs ia f Air rupeti helwem the Mamm^ermu Chmm and ike Ovum t)f Bairackian 
ReptUes and certain Fishes. — Tfic so-called " yelk-bait" in the Mammiferom Ovum 
compared with the " Discus l itclliim^s"' in the Ova of other Animals. — liesembknKe 
between t/ie fecundated Ovum of Mammalia and that of certain PlattU. 

314. In reference to the mode in which the successive groups of vesicles are pro- 
duced in tfie eentre of tbe ovum during its passage through the Fallopian tube, I 
ventured to sn^t^est (par. 30/.) "that in the interior of each ve.siele there arise two 
or more infant vesicles, the pureut vesicle in each iustuuce disappearing by liquefac- 
tion " Such really is the case, as proved by tbe condition of ova which I have met 
with since. 

315. In Plate VI. fig. 105^ is exhibited an ovam of twenty-four hours (from the 
Fallopian tube), which in reference to its central part was in a condition between the 
stages seen in figs. 105 and 106 J. The "yelk-ball" (fig. 105.) having — as such — 
disappeared, two vesicles (fig. 105^.) occupied its place; and in another ovum, instead 
of two corresponding vesicla, ^nr (lig. 106.) were found in the same sltnatton. 

t Care must be taken that the sui&ce of the gla«8 U dry, and that none of tbe roucua insinuates itself under 
tbe putty. I hsre in more tiiut em iaatsnce prescmd tiK vrom In mU vcadMv Un » length of dime^ vluck 
ftr eieeeded expectation. The distance Initwccn the two glasaea •bouU llnle«ice<4 (ht 4iUMter «f theovni, 

by which the inchulctl air is reduced to a very minute quantity. 
X The chorion was leas advanced than in the OTum fig. 105. 

Mocccxxzn. 3 B 
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316. Each of the tujo vesicles in the centre of the ovum (Plate VI. fig. 106^.) was 
dliptical and flattened, highly transparent, exbibited a very sharp black contour, and 
contained a transparent fluid, grannies, and a spherical pellucid object having a cen- 
tral situation*!-. A description in many respects the same has been given (par. 174.) 

of the/our vtsit les in fig. 106. 

317. "'I'hiit in the interior of each vesicle there arise two or tiiore infant vesicles," 
we have a proof in Plate IX. fig. 155. Here two outer vesicles ;ire seen cor responding 
to the two which occupied the centre of the ovum Plate VI. fig. 105^;^. The age of 
Hhe ovnoi Plate VI. fig. ]05|. was 24 hours} that of the one from which Plate DC 
fig. 156. was taken, 26^ hours. In caeb of the two vesicles occupying the centre of 
the ovum Plate VI. fiir. lOfi^. there were seen (as nlroady '■fatffl^ granules and a cen- 
tral pellucid sphere; while each of the corresponding vesieies in Plate IX. tig. 15ft 
presented in its interior formed vesicles. Tiiere can be no doubt that the ovuiu, the 
central part of which Is represented in Plate IX. fig. 155, was in a state between tbe 
conditions of the ova In Hate VI. figs. 105^ and 106$ and It is extremely probable 
that before the production of the state seen in Plate VI. fig. 106, the mensbrancs of 
two vesicles, such as the outer ones in Plate IX. fig-. 155, usually disappear by lique- 
faction. This proce<^?i; continued, would produce successively state.s such as those in 
Piute VI. figs. 10/ and 108^ ; and perhaps it woidd not be eai$y to point out the period 
of its termination. — The position which the germinal vesicle should be considered 
to occapjr in tbe history of "cells," remains a question not yet solved. If a ** Cyto- 
blast** (par. 290. and its last Note), corresponding to that which I find on the vitel- 
lary memhrane in the ovnm of the Frog, is originally present in the ovum of other 
nnimids (par. and Note), the germinal vesicle is obviously an infant "cell" in 
reference to the vitellury membrane (/.). But we have seen that in the mainmderous 
ovum a membinne (e) forms anmnd the " yelk,** in the same manner apparently as in 
other situations a membrane or ** cdl"* forms around its nucleus. Now it is known 
that the germinal vesicle exists before the granules and globules of the ''yelk;" 
those granules and globules collecting and perhaps forming around the germinal 
vesicle. If, therefore, the "yelk" be a nucleus to the membrane f', the germinal 
vesicle may, perhaps, be considered a nucleolm to the " yelk." This would ati'ord an 
instance of a " cell" (the germinal vesicle) wbieb had probably arisMi from a **cyto- 
blast** (tbe germinal spot), becoming in its torn a nucleolus for the formation of 
another "cytobkist" (the ydk), which then originates another "ceir (the mem- 

t Hum pdlucid olijucta frum 8umc cau.oc very soon diaa|giMnd, aod tbe two Tesidea conUiniog tbot 
became comp«rnti\\ly oiiuke. This I have found to occur in many ova of the same pt-riui], as well as in av* 
of the succeeding auges ; though no pressure had been appUed. The vesicles occupying the centre of ova is 
»itag«aii|inMlii]iKdntiBFtat»VI. flg. 10B..toiiHtHic«;>ttiMlii|^y tMaipu«ttt,q;e^^ 

and seemed to collapse from a gpherical into u polyhednj form. 

I In ioow instances the difference in size of these vesicles is coasiderable. 

I Hm tagMiMM ipraiiktiiiuiil SoawAn wriRiwrnro (pw. 807. NaU.^, mcb dmia naw At^tn to law 
ben MiiUicd. 
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bitme e). Withia the parent <* oeir or membnuw e new veaicks ariuf ; the interior 

ef each of these in its turn presenting others. How for the process forming these 
new vesicles resembles tliat just relei red to as appearing' to produce tlic parent "cell" 
or membrane e, must be left for future observation to decide. We ciuiriot but ob- 
serve, however, a im;aiblaace between the contents of the infant and the parent 
*'ceil**s a reaemblance the more interesting from tlie long line of objects through 
whicli it seems traceable in direct succession from tlie ovum;^ 

318. Wc are now perhaps prepared to realize an analogy already hinted at (pan. 
177- •'^07.), between the early chang-es which I find to occur in the nianiiniferotis ovum 
and those previously known to take |)lace in the ovum of Batrachiau Reptiles, and 
some osseous Fishes. The divisions and subdivisions occurring in the ova of these 
animals, may lie effected by a process corresponding to tliat just Scribed as producing 
rimilar changes in the ovum of the MammaL And if in the former no " outer vesicie'* 
nor pellucid sphere has yet been seen, or suspected, to arise and then disappear t>e- 
tween each division, this affords no proof of the non-existence of such objects, — ■ 
which i)ossibly may yet be discovered. In Fishes the divisions in question do not in- 
clude the whole yelk-ball, but are confined to a projection on one side^. In the Frog 
those divisions include the whole of the yeHc-ball, bnt they begin, and proeeed more 
vigorously, on one sidey. In Mammalia also» as we have seen, the divisions Include 
the whole of the so-called "ydk-batl.** This comparison may perhaps assist us in 

t The iibnrttti ovtitn, Plate Vlll. Sr. 144, exhibited what I apprehend to have been the membrane e risen 
ia the above manner (ut the surfaee ol' the " yelk-ball "), but which did not disappear by liquefaction, iiiid wot 
persietent (contiderably thickened) until two vesicles had been formed within it (and likewiw thickened), 
cadi of lime imcoting a grannloas nun in !ti iateiiac. 

} Where, intieed, does this resemblanec terminate? We find tliat it has by no tnwtns disnppenrcd in the 
"ceUs" (Plate Vlll. figa. 130. 129.) which seem to enter into the formation of the amnion, nor in those of the 
hnioa rabfequailly raMnlw (flgi. t9t. 150.); md u emiiimt dtmemr — VAimmv — ha» fioktcd ovt m n> 

wmblance ftlll more rcmnrtable bf-tween the ovum Slid his " nilduiig^kugeln" in varluiis jiarts uf tlic iien ous 
•jrstcm (Ueber den Verkuf, tus., pp. 146. 147. tab. VII. to IX.). The germinal resicle-hke objects in Plate VI, 
figs. 190. 191.. FhiB VIII. fiei. 199. 180. 139. and 150.— cdM *' nodei*' in (Iw foregoing mnni^I «n 
dispoeed to think are really nucleoli, for the rea.'inn above given regarding the germinal vesicle itself; the gra> 
aulcs or globules surrounding them (Plate VIII. figs. 130. ISO.) being perhi^ the remains «rf a nucleus, in other 
instances (figs. 129. 150.) dissipated. We find also tl>at in those germinal vcaide'Uke objects a miiiute point, 
— imbablya " cytoUiat"— was {trewntinaoawiaitanen, aBdhBdlMn«teoillMd(?)in others (par. 316. JValr.). 

$ A<i observed by RitacoNi in the Tauh and Bieili {Qjpr. 7%sea and altanHu). MOum'a Aidur, ISStf, 
Heft III. and IV. Tab. XIII. 

I Vow Bau, MOuaa's ArebiT, ISM, H«ft VT. Tab. XI. RvMom, MDuam'k Ardihr. 1886, Hdt 11. 
Tsib. Vni. In connexion witb this subject it is in trresting to notice the situation of the ^rminrl vesicle, 
when hut seen, in the ovum of the Frog. It lies under the black layer, where — as a flaccid and flattened object 
-4to«cnpiM neaily half of the eotin oram. (Sae a voy naton «*arien ovum of tin Prog represented bf 
R. Waoitbb (BeitTHge, &c., Tab. II. fig. 6. d.), in which the germinal vesicle had become much enlarged.) 
Now it is in this part of the ovum of the Frog that the divisions above refieR«d to cQmn e nea and moit T%;ar- 
ously proceed. (Kusconi, MOiua'e Ardiiv. 1886, Heft U. Tab. VOL Baa, MiJun'a Aidiir. 1884, 
Heft VI. Tab. XI.) See ah» iibat has been above stated MgaidiDg. Oa pNjacliDB. and dm drndnna acCNlil^ 
in tfaia prufcetion only, in the oram of cntaia fiiiies. 

3 B 2 



Digitized by Google 



370 



DR. MARTIN BARRT^ RBSRARCRBS IN BIIBRTOLOOT. 



determining what portion it is of tlie ova of the animals just mentioned whicli oor- 
responds to the "yelk-ball" in Mammalia. Is not the discus vileliiniis" in the 

ovarian ovuti) of the Bird the seat of similar divisions*^? If SO^ it will perhaps appear 
that the so-eulled "yelk-ball" in tlie mamtniferoiis ovum corresponds more particu- 
larly to the "discus viteUinus (with it» guraiiaal Tesicle) ia the ovum of the Bird 
(par. 122. and Note. par. 174. and first Note.)|. 

t Do they not occur in the correspondinir parts of ova in p^rnrral ? 

X M the cuateuta of the ovarian vesicle of Uacr in Mammalia correspond to no more thnn the " ducua vitel- 
ttaw" indneoraikn ormn af Bifd» — d oflicr nimin, flie fonaar wiH nt upcir ta lie idlfady <o iiiiimtfi 

hitherto supposed. As to the difTcrrtirr in fnnn of these two olijrcts, jx rhnjis si p!<il)ukr form of the lubatancc 
oomposing Uw " diacus viteUmos" would have beeu incompatible with ita position under the vitellarf membntae 
md widi Ae prnenee unniBd it->jn Ifce ofun of the Kid far initmrr — of a laige quantity of true yelk, pro- 
vided for a future parpote; while no such provision being required in the ovum of the Mammal, the substauoe 
eor mp onding, as I Mlppote, to tb« "diacus vitellinus" of other animals fills the vitellary membrane (/), and 
■ timefore globuJar in fam. If the analogy in question really custs, the " ditcna vitdlinas" is obviously a 
mi cleat dettiacd to undergo changes like tho»e occurring in the ao-cafled ** ydkohall" of the Mammalia. The 
roond white »pot cnlK-d tlic " cicatrirulii " in Mie KirdV /ui'*/ cfftrrnny poMiWv corrwppnr! tomvlaver of "cells." 
Flatc VI. figs. Ill to 113, lining the vitcUury muiubrauc (/ ) in the uterine ovum ot the Mammal; while my 
" mnlbcRy-liika algeet," ta die aanw fignni, may porhapa he npieaeBled in die Bfard'a iiM tgg by the eiiu e tui a 
which lies under the " cicritrleula." and lias bfen denooiiiitted Kdodidgdt cnnnhia |iiciligenia, Kent det 
Uaboeatrittes, nucleua cicatriculic s. bhkstodermatis, &c. 

la lefeRDce to die auhjeet of par. 817. and ita laat nate, it may be added, that my view of the gefniaal 
vesicle as a nucleolua accords with the experience of Shilfioin and of .Stfiwaw, that the nucleolus exists 
before the nucleus (par. 397.}. The opiuion capteaaed in the laat not« to par. 317, that the geiminal vesicle- 
like objeeta called " nnela" in dw foregoing memoir are in abrieliMaa aaefcatf, is applicable to tlw corresponding 
objects in previous conditkma of die orum ; — for instance, iu such as that exhibited in Plata VI. Cg. 105^. 
Each of the twin "cells" hpn* ppcn contiun(-ci a singk germinal vcsiclc-likc object. In an ovum mthcr more 
adTBOced, but not yet in the stotc Plate IX. hg. 155, 1 saw tw« such germinal vesicle-like objects in the same twin 
"ceU." And Ock aecoia ta he aperiod in dm life of each "odl" (Hate VI. figa. 1054. 10^> 
the fincle perraina) vesicle-like object disappram. l>o two or more (the ntirlpoli of new ami infant "cells'") 
then arise as ita successors? In two inatances germinal vcsiclc-likc objects were observed in a state of the 
onnira reacmbUng that in Plate IX. Sg. 155. ; and one cr two cf diem pieaented a dark point, which poaaifaly 
wan a germinal spot-like " cYti,l)lii.'<t." Valkntin compared an oliji'ct observed by him in his "germinal 
vcaicle-ltke nuciet" to the germinal spot. In one inataace (Ueber den Vcrlauf, &c. ub. IX. fig. 73.) he baa 
figured diia object aa aurrounded by a citrde. Had the drole been pro d u c ed by a proeeae of die aaae Idnd aa 
tliat which effected the change in the germmal spot iUelf. seen in Plate V. figa. 89 b. (par. 124. 299.) ? The fact 
that the germinal fpot becomes hoUow in certain states (Plate V. figs. <}9, 93,97, Wlb.) is interesting in con- 
nection with the experience of ScawAKH (regarding other " cytoblaata") referred to in par. 297.— The layer 
of "odla" lining the membraoe /, not yet present in the ovum Plate VI. fig. 110, bad nMk ita appearance in 
the ovum fig 111. Perhaps the " cells" of that layer arose from n rontinrintirvn of the game ]iroce»*of division 
referred to in par. 317. (Two germinal veaiclo-like objects (nucleoli) it will be remembered (par. ISO.) were 
aeca in on* of the "eeUa" fig. 110.) If m, it may be aakad,— in eoaneetiMi widi what we have aecn to tdm 
place witlilii the piirent cell (the membrane c), — does not this process of ilivi.'.iDn admit of a more extended ap- 
pliottion in the histor}' of " cella," than merely to the " cells" which are the immediate successors of the parent 
*'ce11" or membtane e? It ia eitreindy intereatmg to iud a]iparenlly the aame proeeaa in opentioa at a ean^ 
sponding period iu the fecundated vegetable ovum. Such at least is the inference 1 draw from the delineationa 
given by ScauiABir ( WiBOMaMn'a Archiv, 1897, Tab. VU. t and London and Edinborgfa fhikwopbical Map 
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319. Ovu found in the Fallopian Tube and Uterus of the Rabbit. 

Tbe toUowing Tables luay, pcrhupi>, lucilitate the discovery of the miouter ova in 
the Rabbit by sffordiog a general Idfla <tf tfa^r locaUty boA d«e at difl^nt periods. 
Bat they atao serve to shour that in both of these respects tbe ova of different indi- 
yidoals are subject to variation, partly occasioned, perhaps, by difl^rences in tbe de- 
gree of advancement m tlic rut. They farther show that there frequently exist eon- 
sidorablc differences in the size and condition of ova destined to constitute the same 
litter of young ; that there is no fixed relation between the size of the minuter ova 
and the degree of their development or their locality ; and lastly that ova are not 
nnfrequently aborted. 

Ova found in the FaUopiun 1 ube of the Rabbit. 



Hoiiri ' Nnmber 
pot I of a*» 
tmtum. found. 



kifti 
tioMtf aViffil 



Uvm. 
10 

17 

33 

34 

as 

*»* 
41 

47J 

48 

£3 

68 

851 

6H 



4 
13 



14 
1 
4 

3 

7 



•t^ to 

A to A 

iVto* 

I 



Ffaiiditag* 

Tinnif ftiQiB rti^ tiuw to tlw coiii« 
jBnMi wp i Me ntrfPlilBlX.if.lSS. 

Fkte VIIL flg. 14S. 

stages. *....••.>•.■ 

Plate VI. fig. msl 

jPlatc IX. fig. 155 



rilMelX, If. 
L ig.lOS| 



VI. 



Various stages. 



jFifth ami eixtfa 



Fourth ?tng^. 

Eighth stage 

rHie central portton of the ovnm in 

J the BcvL-nth iiijil liglitfi stages. The 
] chorion ill tlic tifth »tiigc, andinone 
I ^ iutancc f'till less advanced 

Bpt%«-pen eighth end niptfa etegw . . . . 

Ninth stage 

Fifth 



One mch fnta the iaAuidibulnm. 
Near tbe ttiddk of Oe tnbe. 



Where the tube sudtaily 
nishcs in its calibre. 

Middle of the tube. 



{Ovarian side uf the middle of the 
tube. 

1 Otirtea iide of tlie middle of the 
/ tnbe. 

{From tilt uiiddJe of tlic tube to 
within ^ an inch of the utrros. 

{Brtween the ra iddle and the uterine 
extremit)' of the tube. 

Throiightnit the tube. 

Near tbe middle of the tube. 



Uterine dde oftiie nUUDe of tlie 
tube. 



} 

Near the middle of the tube. 
One inch from the uterus. 
Mddkorthetvbe. 
Two indiee fiom tin i 
I iadi from the vtenu. 



93 



gazioe. ml. zii. 1838. Plate 3.) oftfie ineiinciit "BmbrTo" in eevenl ptanli. Tbe mombluoe between thoee 
dnBnratiltni and certain states of the mammiferous ovum in the Fallopian tube is very striking ; and it is one 
teobeecHiigwbkfalbelknnopKVMiuoiiportmdtrbMbeenaiior^ Withmydnwiafi FkleVI. %t.lOfi. 
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105|. 107. 108. ttipectjvelj. I woold compare thoee of Scauimii figs. 14. 15. ((Kmtkm enusipet) figs. 6. 7. 
(P«tmmf0tmt Awfoi). My figure Plate VI. fig. 1054- shows the foundation of the mammiferous embryo to 

consist nt a certain p«>riod of two '• rrDs," Arc-ortiiiig to SrHM!ii>EN'9 representation (I. c. fiir. lo.) such is 
the case in Qinoikera cratiipet ; and here the two " celU" have the same form and general appearance as in 
Oe ovum of Maaunalia. tboogh genninal vcekio-lihe obgecta an not peeaent. Hie •faaeaoait natiiM of (he 

latter (already mcntionud) may possibly explain their absence in the vegetable figure. Some of my dclincationa 
of stages rather more advanced may perhaps admit of comparison with those of Schlbiokx, in which the 
{jmahm vegttatimu of Wouv) eone into view, end the cotyledone begin Id amkn tlnfe 
nwgnnnlom nppoannea la intaiinr of Oa "edi" « b eertain alegea, aadimthit iti 



Digitized by Google 



DR. MARTIN BARRT'k RESBARCHBS IN BMBRTOLOGT. 



373 



320. Table nf Mcasurcwents. 

The tneasureineuls are giveu ia fractions of a Paris line ("'), the micrometer used, 
one of I'^rauenhofbr's, being divided according to French measure. The French inch 
(of twelve linei) is to the English inch, as 1'0657A Is to l'00000,or neariyone fifteenth 
more. Muan&ag it to be e»ictly one fifteenth more, the Amplest mode of converting 
the fraction of a French line into the fraction of an English inch, will be to multiply 
the denominator of the former by the number I \ '2'> (or 1 \\). Thus the actual length 
of the embryo in tigii. I 'J 1 125. and 126. which measured -f of a Piu'is Une, is found 
to have been about Vr English inch. 

When the olyect is not spherical, it is the long diameter, the measurement of 
irtUch is given in the TVibk. 



No.«f 
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105 
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106 

109 

110 

111 

112 

113 

114 
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116 

117 
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199 
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79 
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75 
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75 
60 
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50 
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120 
79 
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331. ExpiiAWATiON OP rm PiMm, 

N.B. jfo off the^fytmB the same liters denote the eame o2;eel* ; a$ «ugf be eeeu ijf 
the explanation at the foot pf each Plate. The eame letter* are need at in the ** Pint 
Seriee." 

b. Gerininal spot. 

bb. Germ. 

W. Central portion of the germ "1 
U*. Fertpberal port^pn of the gerin-^** tactae embryonnaire" ?-£aibc]ph 
— ^'area.'^RSCatcMa;'' J 
11/^. Futtj^lNMCoIar lamioa of the umbilical veiiole. 

c. Germinal vt'sicle. 

d. Yelk, — yelk-globules (vesicles), — escaped yelk. 

e. Meiubraoe oiiginally investing the ycik — proper niciobranc of the yelk 

(which disappon. Compare in Fkte VI. f^. 105. mth lig. i05f),-~ 
also yelk-balL 

/. Thick transparent membrane of the ovarian ovom— **aoiia peUodda." 

Fluid itiibibed by the chorion. 
g. Peculiar ^ranuU s fvosiclea) of the ovi^. 
g^. Tunica gitiuulosa. 
Retiuacala. 
k. OtImm;. 

t. Proper covering of the orinc, — also an-pus htteum* 

hi. Graafian vesicle (consisting of A -|- t). 
k. Stroma. 
I, Peritoneuiii. 
X. Nocleofl— " cytoblast." 
urn. Amnion. 

am./. Union of the mraibnuies mn, and/. 
a. p. Area pellucida. 

cho. Chorion, becoming villous in the uterus — villous chorion. , 
cAo». ViUi. 

PLATE V. 

Fig. 81. Common Fowl {Phasianus Galim, Linn.). A very early stage in tbte 

formatioD of the ovum (par. 243.). 
1^. 83. Rabbit (Lepua CmdciihUf Linn.). An extremely eariy stage in the forms* 

tioii of the ovum. Largest vesicle -rW"' (P**"- 242.). 
Fig. 83. Kabbit. A st.ige in the formation of the ovum rather more advanced thsa 
that in the preceding figure. Largest vesicle (par. 242.). 
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Fig. 84. Rabbit.' The stage succeeding that ia the last figarc. Largest vesicle 
(|)ar. 242.). 

Fig. 84^. Frog {Sma iemporiuia, Xinm;). Nocletu (x) on the inner mirface of 

the vitdhiy nenibmiw. A. The ofinc (par. 398.) 
Fig. 85. Tiger (Felh Tigris, Ltnn.). An immature ovum (par. 180.) cruslied to 

show the nature of the membrane 

Fig. 86. Tiger. Part of a Gruahan vesicle (hi) containing an ovum with ita tunica 
granulosa {g^) and retinucula (g^). The germinal vesicle has become 
elliptical by maceration for a itiort time (par. 134.). 

Fig. 87. Tiger. Vericlee of tbe ydk t tbe largest t^**. They contain vesicles in 
their interior (par. 131. 396.). 

Fig. 88. Hger. An ovum after rnacerntion for a short time (par. 123. 1-24 V Ttie 
membrane /has become distended, and it has imbibed fluid, wliiclj lirs fnj. 
twecn that membrane and the proper meuibraiie uf the yeik (e). Tlic ger- 
minal Te^le and germinal spot are altered by macemtion. (See fig. 89.) 

Fig. 89. Tiger. The germinal vesicle (c) and germinal spot {6) of tbe ovom in tbe 
last figure, more highly magnified, to shovr tbe effects of maceration for 
a short time. The germinal vesicle has become elliptical, and the ^r- 
niitial spot has resolved itself into several vesicles with intervening 
granules (par. 124. 299.). 

Fig. 93. lUbbit. Tbe germinal vedde from a feoondated ovnm. The vesicle 
though ruptnred has not collapsed, owing to its now consisting of two 
membranes (par. 133.). 

Fig. 98. Rabl)it. An ovnm from tbe ovary in the "first stage" of development, 
(par. 141.). 

Fig. 94. iiabbit. Tbe proper membrane of the yelk (Vr'") from an ovum which 
seemed on the point irf being tfisduuged from the ovary. It has thick> 
ened (par. 136.). 

Fig. 95. Rabbit. A Graafian vesicle 9^ hours post coitvm, about to discharge its 
ovnni. The covering (/) of tlie ovisac is now a thick and highly vascular 
mass; it being this structure which becomes tbe corpus luteum(par. 153 
to 157.). 

Fig. 96. Rabbit. Tbe same on a larger scale, and after being ruptured (par. 1 53.). 
This fignre shows that the tunica granulosa (g') and retinaeula (gS) are 
discharged with tbe ovum (par. 160.). The ovum is in tbe '* second stage* 
of development (par. 141.). 

Fig. 97- Hnhhit Ttte same ovum on a larger scale. It is in the " second stage" of 
development (par. 141.). 

1^. 98. RabUt. The ovisac as obtained, fi«e from its covering, a few hours after 
the expulsion of the ovum from the ovary. It prssents the orifice (l^^ in 
length) through which tbe ovum escaped (par. 164.). 

HOCCCZXZIZ. 8 c 
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Fig. 99. Hog {Sus Scro/a, Linn.). An ovum in which are seen the effects of in- 
cipient absorption po$t coUtm (par. 16B to 100.). The yeOc (d) i* beco- 
ming fluid, a change which talces plaoe fliet aroond tlie germinal verfcle 

(par. 159.). Dark globules are seen on the snrface of the ovum. 
Fig. 100. Hog. An ovum in which absorption {post coitum) has procepfled farther 

than in the last figure. The ovum has become elliptical (pur. 1 58 to 1 60.). 
Fig. 101. Rabbit. An ovisac (found in the ovary post coitum) apparently about to 

be abiorbed. Hie ovum, and the germinal ve^le (c) have becmne 

elliptical, and the yelk {d) is in the state of floid (par. 168 to 160.). 
Fig. 102. Hog. An ovisac found in the infundibulumj aj^MUcntly in tlie course of 

being abeorbed (par. 162 to 165. 2970' 

PLATE VI. 

Fig. 108. Rabbit, a. An ovum of ten hours, and measuring; In diameter -,v'"> found 
in till" Fallopian tube, at the distance of an inch from the infundibuluin. 
It is in the third stage" of development (par. 170.). |3. The same ovum 
crushed, to show the strength of the proper membrane of the yelk (e), 
whidi isnnbroken and still contains the yelk, thoii|^ forced through the 
raptured membrane f. (par. 171.). 

Fig. 104. Rabbit, a. An ovum of forty-one hours, and measuring in diameter y^'", 
found about an inch from the infundibnlum in the Fallopian tube. It is 
in the '* fourth stage" of development. The chorion {cko.) is visible, and 
closely invests the membrane /. Another ovnm of the same Rabbit 
found farther advanced into the tube. It has been crnslied» and shows 
the chorion (dko.) now separated from the membrane /. (par. 172.). 

Fig. 105. Ral)bit. An ovum of 3.5| tu>Mrs, and measuring in diameter -rV'", found 
in the Fallopian tube near its middle. It is in the " fifth stage" of de- 
velopment (par. 173.). 

Fig. 105^. Rabbit. An ovum of twenty-four hoars, and measnring in diameter 
iV"* found in the Fallopian tube at its middle part. It is in a state be- 
twoen that represented in fig. 105 and that in fig. 106. (par. 174. Able, 

315. 31G.) 

Fig. 106. Rabbit. An ovum of 35f hours, and measuring in diameter found 
with tlie ovum repre&euted iu tig. 105. It is in the " sixth stage" of 
development (par. 174.). 

Fig. 107. Bahbit. Yeveles in the centre of an ovum somewhat larger than that 

in the preceding figure, found in the Fallopian tube. These vesicles are 
smaller and more numerous than those in tlu- Inst stag^, and larger and 
less numerous than ttiosc iu the stage follo\\ ing. They represent the 
"seventh stage* of development (par. 175. 317.)« 
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Fig. 108. KuUbit. Vehicles in the centre of aa ovum from the Fuilupiau tube, 

rq»rafl«atiiig: the " dghth itage" of devetopmeat (par. 176. 317«)< 
Vig. 109. IU>bit. An ovam of rixty^hree hours, and OMasitiing in diameter -f*", 

found in the Fallopian tube, within about m inch of the atems. It is 

in the " ninth stage" of development (par. 1 78.). 
Fig. 110. Rabbit. An ovum of 68^ hours, and measuring in diameter found ia 

the Fallopian tube wiiiiiu | inch of the uterus. It is iu the " tenth stage'* 

of devdopnieDt (par. 180.). 
Fig. 111. Babbit. An ovum of 79^ hoars, and measuring in diameter V"* found 

in the uterus near the Fallo|^ tube. It is in the **eleTeath stage** of 

development (pnr. 184.). 
Fig. 112. Rabbit. An ovum of eighty-six hours, and measuring in diameter V '+i 

found in the uterus within an inch of the Fallopian tube. It is in the 

"twdfth itage" <^ development (par. 186.). 
Fig. 1 18. Rabbit. An ovum of 102^ hours, and measuring in diameter V", found 

in the uterus near its middle. It is in the ** thirteenth atage" of deve- 
lopment (par, \S6. 187.). 
Fig. U4. Rabbit. Au ovum uf 106 hours, and me:l!^uriug iu diuuteler found in 

the nteruB ^ inch from the Fallopian tube. It is in the " fourteenth 

stage** of developrarat (par. 189.). 
Fig. 116. Rabbit. An ovum of 94 1 hours, and measuring in diameter found 

in the utcru.s near the Fallopian tube. It is in the *' fifteenth stage" of 

development (par. IfW). 191.). 
Fig. 116. Rabbit. An ovum of 97^ hours, and measuring in diameter -f"", found in 

the utenis a1>0Qt an inch from tlie Fallopian tube. It is in the " sixteenth 

scageT d ^tevelopment (par. 192.). 
Fig. 117* Rabbit. An ovum of 9r| hours, and measuring in diameter found 

in the uterus. It is in the seventeenth stage" of development (par. 198 

to 196.). 



PLATE VU. 

Fig. 118. Rabbit. An ovum <tf ninety-five hours, and measuring in diameter ^'"^ 
found hi the uterus an inch from the Fallopian tube. It is in the 
"eighteenth sta£-p" of development (par. 19/ to 200.). 

Fig. 119. Rabbit. An ovum of 108^ hours, and measuring in diameter 

Ibund in the utemtnsar the Fallopian tube. It is in the ''nineteenth 
stage* of development (par. 901.). 

Fig. ISO. Rabbit. A portion ofthe future umbilical vesideinan ovum of !07iboaiS( 
and measuring found in the uterus 1| iuch from the Fallopian tld>e. 
It represents the "twentieth stage" of development (par. 208.). 
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Fig. I'Jl. Rabbit. A portion ot the tuture uaibiiical vesicle in an ovum of 111^ 
h<Nin,«ad meMnring-m diameter 4"', fooiid in tbe nterm an inch fivm tlie 
Fftllopian tabe. It repments the " twen^-firat stage" of devdopment 

(par. 203.). 

Fig, 121 A. Rabbit. An ovum of 1 1 hoars, and raeasnringln iliameter found 
in the utenis an inch from the Fallopian tube (par. 205. 20(>.). Drawn 
as seen lying in kreosutu water (par. 239.). Ttie embryo is described in 
pars. 209. and 213 to 215. 

Fig. 121 B. Rabbit. The embiyo (tb^ and and incipient amnioo (am.), He 
embryo is in a stage succeeding that in fig. 121 A (par. 212 to 215.). 

Fig, 121 C. Rabbit. Tlie most central portion of tbe embfyo in fig. 121 B,on a larger 
scale (pars. 213. 214.). 

Fig. 121 D. Rabbit. The eeutrul portion (bb^) of the germ, from an ovum of 1U3 
hourSj and measnring in diameter am,/. Uniim of the membrancfl 
tfm. and/. 

Fig. 122. Rabbit. The emliryo (65' + hb*) and incipient amnion (am.) from an 
ovam of 124^ hours, and measuring in diameter 1"'+, found in the 
uterus (pars. 214 to 216.). 

Fig. 123. iiabbit. Tbe central portion of tbe germ (^'" in length) (par. 215.) fma 
an ovom of 164| hours, and meaBuring in diameter more than 2^", 
fonnd in tbe uterus. Tliis figure presents an instance of rixe being- in 
advance of development (pars. 16" 218.). 

Fig. 124. Rabbit. An ovum of 115^ hours, and measuring- in diameter found 
in the utenis. The embryo (6i') measured in this instance only ■f'" 
(= ^ of an English inch), thus presenting an example of development 
bdng greatly in advance of siae (pars. 167. 318.)* 

Fig. 125. Babbit. The embryo from the last figure, more highly magnified. It 
exhibits a tendency to become curved at tbe oeplmlic end, and trans- 
verse wrinkles, theroby prwlnced (par. 210). 

Fig. 126. Rabbit. Tbe same, as seen after slight pressure had been applied (par. 
219.). 

Fig. 127. Rabbit. The visoeral snrfi^e of tbe fovndatimi of tbe central portion «f 
the nervous system and vertebrae in an etnl>ryo of rather less than 1^**, 
from an ovam of 8^ days, and measnring in diameter tf* ibund in 
the uterus (par. 217.). 

PLATE VIII. 

Fig. 128. Rabbit. The OTtiro of Rate* VI. fig. lOd, after being crushed. The dotted 
line denotes the inner snifiice of the subsequently villous chorion (eko.) 
(par. 178.}. 
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Fig. 129. Rabbit. Vesicles of the future amnion, from an ovum of 94^ houi-s, ami 
mowaring in diameter found at the jnnctimi of the nteras and Fal- 
lopian tube (par. 190.). 

Fig. 130. Rabbit. An ovum resembling that in Plate VI. iig. 110, after being 
cnislied (pur. ISO.). The dotted line denotes the inner surface of the 
subsequently villous choriou (cho.) (par. 17S.). Compare this uvum 
with tig. 131. from Unto tumida (par. 243.). 

Fig. 181. From Cams. An ovam from the gilb of Vida tumda. Compare with 
Ag. lao. from the Rabbit (par. 948.). 

Fig. 189. Rabbit. A portion of the network of which the subsequently vascular 
lamina of the uinhilical vesicle consists in the "nineteenth stage" of 
development (Plate \L fig. 119.) (par. 201.). 

Fig. 133. Rabbit. An nborte<i ovum, found in the uterus (par. 226.). 

Fig. 134. Rabbit. An aborted ovum, found in the ateras (par. 226.). 

Fig. 185. Rabbit An aborted ovum, fonnd in the uterus (par. 996.). 

Fig. 186. Babbit. A vesicle, found in the FbHopian tube with othen of the same 
kind (par. 227 ). 

Fig. 137. Rabbit. An ovnm of 162^ hours, and measuriufr in diameter -^f, found 
in the uterus. It is in a cullapseil stute from the elTects of water (par. 
381.). 

Ilg. 188. Rabbit. An ovnm of ■V''* drawn after l3ing three days in kreoeote water 

(par. 239.). 

Fig. 139. Rabbit. An ovnm of drawn after lying four days in tar water 

(par. 24!.). 

Fig. 1 40. Rabbit. An ovum of ^'"i showing the eflfects of nitrate of si Iver (par. 93B.). 

The objects presenting in this orum the appearance of a network, are 
vesides sncb as those in Plate VIII. fig. 160. 
Fig. 141. Rabbit. Villous tuft, measuring in diameter as seen on the chorion 

of an ovum frotn f lie wterus, measuring (par. 223.). 
Fig. 142. Rabbit. Villou.s tufts .seen in profile on the chorion (c/io.) of an ovum 

from the uterus, measuring in diameter j^'" (par. 223.). 
Fig. 143. RabbiC An ovnm of 98 hnrnn, and measnring in diameter iV'^ found 

in the Fallopian tnf»e (par. 806.). 
Fig. 144. Rabbit. An aborted ovum of 115| hours, and measuring in diameter iV''> 

found in tlie ntprus (par. 308. and Note. 317. Xofc). It is in a state 

which, in relereiice to the central portion of the ovtuii, is between 

that represented in Flute VI. fig. 105. and that in fig. 105^. 
Fig. 145. Rabbit. An ovum of 114| lioara, and meaiuring in dhuneter i'*, fbnnd 

in the nterus. The membrane am. is adiierent at a certain part to {/) 

the thick transparent membrane of the ovarian ovnm (pars. 300. 308.). 

Drawn after lying six weeks in dilute spirit (par. 333.). 
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Fig. 148. Rabbit The germ in itsvende^ as seen within the (imperfectly formed) 
mnlfaerrjr^Iike stmcture while still in the centre of the ovum. The in- 
cipient lepwBtion of the germ into a oential (U*) and a periplieral (U^ 

portion appeared to have been premature (par. 193. \ofe). 

Fig. 149. Rabbit. Vesicles of which the incipient embryo was composed, in an 
ovum of 111^ hours, and meatiuriug in diameter -}-"', found in tbc uterus 
an inch from the Fallopian tube (par. 301. 305.). Drawn after lying 48 
hours in Icreoaote water (par. 289.). 

Fig. 160. Rabbit. Vesicles of the outer and subsequently vascular lamina of the 
umbilical vesicle, from an ovum of 10/^ hours, and measuring in dia- 
meter +, found in the uterus ne<ir the Fallopian tube (par. 211.). 
The interior of these vesicles was brought into view by nitrate of silver 
(par. 938.). 

PLATE DC. 

Fig. 151. Rabbit. A vesicle found under the mucous membrane at the junction of 
the nterns and Fsllopian tube. The mulberry-like olvfeet in its centre 
was observed for half an boar to perform rotatory modoos (pars. 983 

to 287.). 

Fig. Rabbit. Vesicles from the surface of the mulberry»like object found in 
vesicles such as tbc one in fig. 151. (par. 285.) 

Fig. 153. Rabbit. An ovum of 17 hours, and measuring in diameter about 

found in tbe Fallopian tube near its middle (par. 178. Nofe. 29 1 . to 395.). 

Fig. 154. Babbit. Vencles found in a cream-wbite substance filling to distention 
the left uterus, 157.^ post coifum. This substance— at first of about the 
same consistence as pus — coagnlate<l very shortly after the uterns had 
been laid open. The vesicles varied in size from ^stt' ' to -rhv"» ™ost of 
them measuring about -r^". 

Fig. 165. Babbit. Two veridea from tbe centre of an ovum aS 90| honrs, and 
measuring in diameter about -,1^'", found in the Fallopian tube on the 
ovarian side of its niiddle part. This figure represents a condition of 
the ovum between that in Plate VI. fig. 105|, and that in fig. 106 (par. 
3170- 
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XX. Researches in Physical Geology. By W. Hopkins, Esq. M.A. F.R.S., Fdlow 
of the Royal Astronomical Sonet if, of tkt Oeobigieal Soeid^,4mdtif the Cambridge 
Philoiophical Society. — First Series. 

Reemd NoNmbv 93, 1886«— Rnd Juiuiiury 17. 1889. 

On the Phenomena qf Precession and Nutation, as:suming the Fluidity ^ the Interior 

of the Earth. 

§. Preiminttrgf Observations on the R^firigeraUtm the Globe* 

BfiFORB I proceed to the discussion of the queition which forma the prindpal enb- 
ject of the present coniinunicution, I shall offer some general remarks on the refri- 
geration of the globe, as iatrodnctory not only to this memoir, bat to others which 1 
hope hereafter to bring under the notice of the bociety. 

In the first place, we may observe that there are two distinct processes of cooling, 
of which one belongs to bodies which are either solid or Iniperfeclly fluid, and is 
termed cooling by conduction, and the other to masses in that state of more perfect 
fluidity which admits of a free motion of tlic component particles among themselves. 
In this case tlie cooling is said to take place Isv rirt nlathn or convection. The na- 
ture uf the former process has been ascertained with considerable accuracy by ex- 
periment, and tiw laws of the phenomena have been made the subfeet of mathematical 
investigation, but of the exact laws of cooling by the latter process we are compara- 
tively ignorant. It is manifest, however, that since time most i)e necessary for the 
transmission of the hotter and lif^hter particles from the central to the superficial 
parts of the mass, as well as for that of tlie colder and heavier particles in the oppo- 
site direction, the temperature must increase with the depth beneath the surface : 
and, moreover, that this increase will be the more n4>id, the more nearly the fluidity 
of the mass approaches that limit at which this process of cooling would oease, and 
that by conduction begin, since the rapidity of circulation would constantly diminish 
as the fluidity should approximate to that limit !?nt still, even in this limiting case, 
it seems probable that the tendency to produce an equality of temperature throng^hoiit 
the muiis will be much greater, and consequently the rate of increase of tempemture 
in approaching the centre much less, than if the cooling <rf the mass bad proceeded 
by conduction during the same time, the conductive power bdng very small. 

If the matter composing the globe was originally in a high state of fluidity from 
heat, the process of cooling would undonbtrclly, in the first instance, be by circula- 
tion. . The manner in which tbe transition will tatce place from this mode of refri- 
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geration to that by conduction, depends on certain conditions, of wUcb, in our spe- 
culations on this suljebt} it is important tu form a distinct conception. 

Since the heat increases witli the distance from the surface while the mass is cooling 
by cii culation, the tendency to solidification, so far as it depends on this cause, will 
be greatest at the surface and least at the centre ; but, on the other hand, the pres8« 
ure is least at the sur&oe and greatest at the centre ; and eonsequentiy the tendency 
to solidify, as depending on this cause, will be greatest at the centre and least at the 
sarftce. To estimate this tendency under the joint influence of these causes, it vould 
be necessary, in the first place, to know the law according to which the temperature 
increases in descending from the surface to the centre, while the mass is cooling by 
circulation; and secondly, the influence of the temperature in resisting solidification, 
as compared with tliat of the pressure in promoting it. Thes^ however, are points 
on which we possess at present little or no experimental evidence, and therefore the 
only conclnsion at which we can arrive is this, — that if the augmentation of the tern- 
perature with tliut of the depth be so rapid, that its effect in resisting the tendency 
to solidify be gi eater than that of the increase of pressure to promote it, there will be 
the greatest tendency to become imptf/tcily Jiuid, and afteruards to solidify in the 
snperfldal portions d the mass \ whereu if the eflbet of the augmentation of pressnre 
predomituite over that of the temperature, this tranadon from perfect to imperfect 
fluidity, and sobeequent oolidi^, wiU commence at the centre. 

If we suppose the former of these rases to hol*i, it wonUl appear that no incrusta- 
tion of the surface could take place so long as any iiiferior {iortion of the mass retained 
its perfect fluidity, because as the superior particles should become condensed they 
wotold continually descend into the perfect fluid beneath, always supposing the mass 
in that state in vriiicb an increase of specific gravity would result from a decrease of 
tenipn atnrc. Tlic process of circulation would thus go on till every part of the mass 
should have lost tlmt dcfTreeof more perfect fluidity, which admits of a motion of the 
particles among themselves being excited by their unequal refrigeration. The circu- 
lation, therefore, would cease nearly contemporaneously in every part of the mass, 
which would then begin to cool by conduction, rapidly at the sorfece exposed to the 
low temperature of the planetary space, and extremely slowly In the central parts, on 
account of the small conductive power of the matter composing the earth. Conse- 
quently the globe would consist, after a certain time, of an exterior solid crust, and 
interior fluid matter, of which the fluidity would increase in approaching the centre, 
where it might still approach to that more perfect fluidity wMdi admits of cooling by 
convection. With reference, however, to the mechanical action of any forces pro- 
ducing either motion or hydrostatic pressure in the interior roass, the whole of it 
might, as an approximation, be considei-cd perfectly fluid. No attempt has yet been 
made to determine the present probable tliirkncss of the eartli s r i iist, assuming it to 
have been originally in a state of fluidity, uu account of the dithculty already men- 
tioned, arising from our ignorance of the Influence of high temperature In resisting 
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solidification, compared with that of great pressave io promoting it. All that has 
hittortobeen determined on the subject is, tbat the present state of the earth's sin face 
iiKty In' consistent w it li the existence of a solid crmt, of which the thickness is soiaU 
compared witli the earth's radius. 

Let us now recur to the other case above mentioned, thai la which the incrciise of 
pressure in descending towards the centre of the mass is siqiposed to have a greater 
effect in promoting solidification than the increase of temperature in preventing it. 
Supposing the mass to have been first In a state in which every part was cooling by 
convection, this process would first cease, and that of cooling by conduction begin 
at the centre, while the f.uperior portion would still continue to cool by convection, 
so that these two processes would for a time be going on simultaneously in different 
parts of the mass. It is SHUiifesty however, tbat the cratral portion, cooling by oon« 
dttction, would constantly ina«ase, wliile the exterior portion, cooling by convection, 
would constantly diminish, so that at length no part of the mass would be cooling hy 
the latter process. Before it should reach tliis stage of the refrigeration the central 
portion of a mass so large m the earth might becuine perfectly solid, so that at the 
Instant when the circnlatioa should entirely cease, the whole might consist of a solid 
oeatral nucleus, surrounded by the external portion still in a state of fusion, and of 
whidi the fluidity would vary continuously from the solidity of the noclens to the 
fluidity of the surface, where, at the instant we are speafciog of, it would be just such 

as not to admit of circulation. 

When the mass bhouid have arrived at this stage of the coohng, a change would take 
place in the process of solidification, which it is important to remark. The superficial 
parts of the mass must in all cases cool the most rapidly, and now (In consequence of 
the imperfect fluidity) bang no longer able to descend, a cmtt nill Iw formed on the 
surface, from which the process of solidification will proceed far mors n^dly down, 
wards, than upwards on the solid nucleus. Consequently, then, our globe would 
arrive at that state, according to the mode of cooling we are now considering, in 
which it would be composed of a solid shell, and a solid central nucleus, with matter 
in a state of fusion between them, the fluidity of which, Irawever, would necessarily 
be less than that which might exist in the lused mass very near the centre in the 
case previously consideretl. 

With respect to the thickness of the shell which may be consistent with the pre- 
sent appearances of the earth's surface, the same conclusion will hold b;; in the toi mer 
case, L e. it may be small compared with the earth's radius. What would be the radius 
of the solid nucleus at the instant of the first Incrnstatimi of the surfiu», or that which 
would correspond to any assigned thickness of the exterior sbdl, it is quite impoarible 
to determine from the want of all experimental evidence respecting the teadeaej of 
great pressure to promote solidification at very high temperatures, and ourignonmcc 
of the temperature at which the superficial incrustation of a large mass would hegin, 
when exposed to tlie temperature of the planetary space. It is, therefore, manifestly 
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impossible to decide by any such reasoning as the above, whether the exterior stidl and 
solid nucleus are now nnited, or are separated by matter still in a state of fnnon*. 

Upon tlie whole, reu.soning such as the above can lead ua to nothing more definite 
than the following conclusions rc<«pccting the actual State of the earth, assnming it 
to have once been in a state of perfect fluidity. 

( I .) it may consist of a solid exteriot* shell uud an interuai mass in a state uf fusion, 
of which the fluidity is greatest at the centre; and it is possible that the thickness 
of the shell may be small compared with its radios, and the fluiifity at the centre may 
approximate to that which would admit of cooling by convection. 

(2.) It may t-onsist of an exterior shell, and a central solid nucleus, with matter in a 
state of fii'«i(iii Itetwccn them. The thickness of the shell, as well as the radius of the 
solid nticlcus, may [>u5isibly be suiuU compared with the icuiius uf the earth. The 
fluidity of the tnterrening mass most necessarily be considerably more imperfect than 
that which would jnst admit of cooting by circulation. 

(3.) The earth may be solid from the surface to the centre. 

It appears then that the direct investigation of the manner of the earth's refrigera- 
tion, assuming its original (Uiidity from heat, stitl leaves us in a state of perfect uncer- 
tainly iib tu the actual condition of its central parts, not from any imperfection in the 
mathematical part of the investigation, but from the want of the experimental detennip 
nation of valoes which it must ever be foond extremely difficult, if not Impossible, to 
obtain vUh accuracy. Under these circumstances, we are naturally led to consicK r 
whether any other more indirect test may be found of the truth of the hyputhois of 
central fluidity- In reflecting on this subject, it occurred to nie some t;ine ago, that 
such u tQht might possibly be found in tlie delicate but well-detined piicuumena of 
precession and natation. The connexion between these phenomena and the interior 
fluidity mil at once tw seen by those accnstomed to phyncal investigations of thu 
nature ; since it is manifest, that the din^ct action of those forces which produce the 
precessional motion of the eartirs pole must be entirely different on the interior part 
of the earth, if that |)urt be lluid, to that which mu.st be exerted, if the interior part 
be solid. It becomes, therefore, a matter of interest to examine bow far the internal 

* M. FbiHoy. was, I bdieve, t!ie lint to advocate Hk li7palli«{« of die Milifl6c«6oii of die eaidi hmmtg 

commenced from the centre, uiid hsf sstated in general temu that, in such ca«c, it would proceed to the suiAioe 
wLicli would IiL' the la-'t to solidily (Thferie d« la Cbaleur, p. 428.). It is manifest. iiuM cvcr. fruiu wLat ha» 
been advanced, that ti>i« could not be litendly correct, but that the Kilidification must necessarily commence at 
tbe amfaM befon the whole iatenul pettim had become solid. The dittinetioD k of little eoueqiienee M 
respects the oljjtrt %rhtch M. Poi!i«oN- hnd in view, but is of the highest importance with Tcfcrrncf to Geolo- 
gical speculation, because it showe, tliat, supposing the earth once to have been fluid, it must be now or have 
bceo at aonie anteoedent epoch In that state in wWch a toKd exterior enMt lesta on an impe rf e etiy fluid and 
incandescent moss beneath. It furius liu part of my immedlutc uhject, to consider Mhttbcr the 1.) jjothcsLs uf 
this being or having been once the state of our planet, best enables us to account for the igneous matter which 
hM Ihcb injeoled to genenlljr bto die eedGmentory portion of die eairdi'e entt. bat it ia inpottaat to know, 
diat thia atite «f the earth. Mnuoing ite original fluidity, b one tiiruugli \« hich It must neoesearilr hare jmni 
in the eovne of iti nfi^endon, iidatever aij^t be the piaceaa of its Mlidificatkm. 
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flnidity may consist with the observed phenomena of the prepe«?s5onal motion of tiic 
pole. These phenomena have been i»liown to he perfectly in arrordanci' w iti) t!ie in- 
ternal solidity of tiie earth under certain hypotlieses, which may he deemeci perfectly 
reatonable, respecting the law of denaty ; but go for from any attempts having been 
hitherto made to determine what would be the iHecessional motion on the supposition 
of interior fluidity, I atn not aware that the problem has heen before suggested. I shall 
now proceed to its solution, which forms the principal object of the present memoir. 



On Preeetmn and Ntttatim ; asrumUig the Fluidity of the Jnteri<n- qfthe Earth. 

In the present memoir I shall investigate the amount <rf^ the loni<solar precesnon 

and nutation, asanming the earth to consist of a solid spheroidal shell filled with fluid. 
To present the problem under its most simple form I shall first suppose the solid shell 
to be bounded by a determinate inner spheroidal surface, of which the elliptieity is 
equal to that of the outer surface, the change from the solidity of the shell to the 
fluidity of the indaded mass not being gi-adual but abrupt. I shall also here sup- 
pose both the shell and flaid homogeneous and of eqaal density. From this I pro> 
pose in a future memoir to pass to the case in which the earth Is considered as 
heterogeneous. 

^. Statement of the Problem. 
1. If S denote the position of the sun, A the centre of the cai th, A P its axis of in- 
stantaneous rotation, the sun's attraction tends to produce an angular velodty of the 
earth about an axis throngh Aj and perpendicular to the plaae SAP. The moving 
force produdng this rotation (supposing the earth a homogeneous spheroid), 

where 

= absolute force of the sun's attraction. 
A = sun's polar distance. 

r, = S A. 
= equatorial radius. 
= polar radius. 

Also the moment of inertia of the spheroid about the axis of this rotatory motion. 
Consequently the acoelerating fince of rotation 



3 u. 

= -^isma A 



(• = elliptieity of tlie spheroid) ; and if we denote this quantity by «, and the diurnal 

* AiB¥'a Tkuti. Precession mid NoMion. 
3 o 2 
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nn^ilar velocity of the earth by the angular velocity of A P about A will ss 

tbe instantaneous motion of P being perpendicular to the plane S A P*. 

2. But let us now suppose the spheroid hoHow, the hollow part being spherical, 
and having its centre coincident with that of the spheroid. The moving force of ro- 
tatioik irill be mustered, but the moment of inertia will 

(r ai ndluB of the hollow sphere). Therefore tt will now 

which, if r be ooniMerabl^ will be much greater than iti former value. 

8. Again, let ua aoppoae iIhb bidlow sphere filled with matter in a etafee of perfect 
fluidity. The prewures of tbia fluid on the interior spherical snr&c% of the shell coo- 

taining it being normal pressures (whatever be the causes producing them), their 
directions will all pass through the centre of the <!pheroid, and cannot therefore in- 
fluence the rotatory motitm we are now considering ; and since there will be no fric- 
tioii with the assumed perfect flaidity of the interior matter, the value of • will be 
precisdy the same as that above stated, when the internal sphere is entirely empty. 
A much gn-fiter Tnotiori of the pole would therefore result from this constitution of 
the spheroid tlian if it wcie perfectly solid ; and it would, moreover, be entii'ely in- 
dependent of the position of tbe axis of rotation of the internal fluid. 

4. U the int«»al aorftoe of the solid shell be spheroidal instead of ^tberica], the 
directions of the Amd normal pressures will no loiifi^ pass through an axis through _ 
the centre of the earth ; and when the axes of diurnal rotation of the solid shell, and 
of the internal fluid do not coincide ' a'? must genemlly be flie ra*c frnm the diflcrcnt 
artif)n= of the sun and moon on tlje solid shell and on tlie fluid contained in it), the 
iluid pressure arising from the centrifugal force^will introduce a new and important 
dement into the calculation of the precesdonal motion of the pole. I shall now pro- 
ceed to the determination of this moHon on the hypotheses preidonsly stated. 

\. Fhmmihn aftke D^gftrmtiai Sfuatkn fat the Motion o/tke Pole. 

5. Conceive a sphere <^ madias mdty described about tbe oeirtre of tiie earth, which 
centre we shall always denote by A. Let 11 (fig. 1.) n 

be the point in which a line through the centre and 

perpendicular to the plane of the ecliptic meets the // lig. 1. 

sphere : and P and P* the points in wlneli it is met re- 
spectively by the axes of instantaneous rotation of the 
solid shell and of the internal fluid mass'|-. Let P 

and P be referred to the small circle O M, of which 11 

is the pole, and to great circles 11 PM,nP'M' respect- ^ 

* AibyV Tracts, p. 197. 

t The axis of inatantaneoiu rotatioa inaj be regarded as coincident with tie «phcrojdal axis of the earth ; 
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ively, n M being very nearly equal to the obliquity of the eciiptic. Take O an 
arbitrary fixed pomt In the small drcle, and let 

MP«y M'P=y, 

y, xf and x — will be in general very small, and may, therefore, be considered as 
strii'rhf lines. Our object will W to form a system of four simultaneous clifTerential 
e(}uation8, the integration of whicli will give x, £, and y as functions of For this 
purpose I shall first consider the ttrgummts of the different terms in the expressions 

for and which severally express the effects of the different physsical 

carivfR effecting the motions of P and P, postponing the calculation of the numerical 
values of the coefficiefUs till we shall have integrated oar differential equations, as we 
ahall Chen have the advantage of knowing niiat dfl|;ne of anmracy may be eMenlial 
in the determination of theae values. 

I. J%e AUractlon of the Sun on the Solid fileltr— This will produce efleots of pre- 
cisely the same kind as if the spheroid were solid, but with different coefficients 
(Art. 3.), and therefore, if the motion of P depended on this cause alone, we should bare 

^7 = A, - B, C082 (n« + X) 



4f= D,sin2(n< + )i), 



(where n / + x is the longitude of the sua at the time t), these being the forms of the 
expressions which f^ve the preecsrional motimof the pole, and its motleB of nutaUon 
as fiw as tli^ depend on the sun*s acUon. 

II. 7%e AUrtu^ qfike Moon on ike Skett.—ThU alone would give ns 

^ = Aa — cos 2 (»' t 4- X') 
^= D,sln2(n'/ + X'). 

wliere n' = period of d 'b node* 

III. The Interior Pressure on ike Shell from the Attraction of the Sun on the Fluid 

Jltttsg.—lf the whole mass of the earth were perfeetlj fluid, and its uofHstortied Ibrm 
spherical, the attraction of the sun alone would transform this sphere into a prohle 
sphered, of which the longer axis would lie in the line throng S and A, the 

centres of the sun and earth ; and similarly if the intprior mirface of the solid shell 
which we suppose to contain the internal fluid were spherical, tlie sun's action H ould 
tend to make this fluid assume the spheroidal form just mentioned, and would con- 
sequently produce a fluid pressure on the interior sarftoe of the solid shell, whieh 



for the greatest angular lepHitiaB wiD be of the nme ofder m • . PAP*, and ii»f tlierafiiR be neglected in 

comparison witli PAP*. 
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would be equal at all points siiuulariy situated with respect to the liue just mentioned 
through the centres of the sun and earth. If the interior sniAce of the shelt be sphoi' 
roidal, but of anwll eccentrici^, very nearly the same effect will be produced. The 
pmaare in this caae will be exactly equal at points similarly situated with respect to 

a plane throuf:h the sun and the axis of rotation (A P) of the shell, and will conse- 
quent ly tend to coinrnnnicate a rotatory motion to the shell about an axis ptrjicn- 
dicular to this plane and through the earth's centre ; i.e. about the same axis as that 
about which the attnotion mentioned in (I.) tends to communicate a rotatory motion. 
Also the eflfects of this pressure must recur with recurring ponlaona of the sun exactly 
in the same manner as the effects of the sun*a attraction jost alluded to. Hence the 
terins depending on this cnmp will be of the sanie form as those in (I.), as will, in 
feet, be proved to be the case when we come to inveirtigate their exact value. They 
wiW, therefore, give us 

= A3 - B3COS 2 («< + K) 

4f= D3»in2(n* + X). 

IV. The Aterhr Pressure on the SluUfrmu the AttracHau ^ ike Mam on the Fbtid 
iMffMw— This Drill give us terins similar to those arising from the iun*s action. From 
this cause alone, therefore, we should have 

Jj = A,-B,cos2(ii'/ + K') 

3^= D4 8in2(«'< + X'). 

V. The interior Pressure on the Shell from the Ceittr^tgttl Force of the Fluid Mass. 

— When P and P' do not coincide, the interior fluid mass will tend, fi oni the effect of 
centrifugal force, to assume a form ditferent from that of the interior surface of the 
solid shell. Thus normal pressures will be produced on the interior surface of the 
shell I and they will manifestly act {^metrically with respect to a plane Ibrough P, 
P and A the centre of the earth, i e. through the axes of rotation of the solid shell 
and of the fluid mass. Consequently the tendency of these pressures will be to com- 
municate a motion of rotation to fhp shell about nn uxl;^ through A, and perpendi- 
cular to this plane; and the consequent motion of P, if this force alone acted on the 
hhell, would be perpendicular to P P, the axis of rotation of the shell having, from 

a" 

this cause, an angular velocity in space = — (Art. I.) being the quantity analogous 
to tt in the article referred to ; or since P and P are supposed to be on the surfiuie of 
a spb«« whose radius is unity, ^ will be the Unear velocity of P perpendicular to P P. 
Now when we come to the calculation of the quantities lUTolved in these invest^- 
tions, we shall find that ~ = ri 3 ^, where is a constant quantity depending on 
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the diuraal angular velocity (a;), and on the niugnUucIes and dlipticity of tiie Huid 
spliLToiil und aolid shell i and where /3 b= the angle P A F, or s the line F P. Con- 
aequcntly^ 

or, dnce F P will always be extremely small, the linear Telod^ of P perpendicuUr 
toFP, 

= ^ = ay,.FP; 

and resolving this in directions parallel and perpendicular to M' we have being 
the angle which P P makes with (be axis of «) 

5f = -2y,.FP.sin,;. = -2yj(y-y) 



6. If we now take the sum of the different terms which express ttie eAects of t)u>. 

sevenl causes affecting the motion of P, we obtain for the complete values of ^ and 

d.y 
it' 

3^ « ( A, + A, + A3 + A,) - (Bi + B3) coi 2 (« < + ^) - (B^ + B,) cos 2 («' i + X*) 



-«yi(y-y)» 



a? « (D, +D3)6in2 («* + X) + (D, + D«)slnS(«'l -(.X') 



or putting 

A, + A, + A3 + A« = A 

B, + R, = B 
B, + H, = B' 
D, + D3 = D 

^ + ayi (y -y) = A - Boos 2 (« « + X) - B'coe2 (rf/ + X') 

5f « 2 71 (* - = D sin 2 (n / + X) + ly sin 2 («' < + X') 



. . <A.) 



^. Motion of the Internal Fluid. 
7. W hen any accelerating forces, X, Y, Z, act upon a homogeneous fluid mass of 
which the whtie larfiwe or any part <tf It is free, we have two cmuHlions of equilibrium, 
vu, thatX^x-l- Y 4>Z(f«mastheaperfiBetderivatioiiof alhnetionoiftfaethree 
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independent variables t, z, and that X f/ x + Y Z z a 0, mast be the 

differential eqnation to the free surface. If however no part of the surface of the 
fluid is free, as wiieu the vvtiole mass is contained in a rigid shell which it ititirely 
fills, the former of these conditions is the only essential one of equilibrium. Also if 
there be several sets of forces which separatdy satisfy this condition when refinred 
to diflerent systems of coordinate axes, it irill manifestly he satisfied by all these sets 
of forces taken conjointly ; and if any proposed set of forces do not satisfy it, we may 
still omit, in the determination of the motion restiltintr frcMii these forces, those terms 
in the expressions forX, Y, and Z, which taken cuajoiutly do satisfy the analytical 
oonditton now spolien of. Tliese considerations will materiolly simplify the followinf 
investigations. 

S. We have now to consider the tendency of the forces acting on the internal fluid 

to ptit it in motion. 

I. DisturbiiiL' Fnrve of the Sun. — lA't i/, z he tlio coordinates of any particle (Q) 
of the intcrDal tiuid, the centre of tlie earth (A) being the origin, the line joining the 
centres of the earth and sun (A S) the axis of sc, and the axis of s being pcrpeadicalar 
to the plane of the ecliptk. We shall then have 



substituting these quantities for X, Y, and Z respectively in the expression \ d x 
+ Ydif + Zdz, it nmnifestly becomes a perfect derivative. Consequently the 
condition of equilibt iuui is satisfied, and the action ol the sun has no tendency to 
communicate motion to the internal flnid. 

II. DisiwMig fbree ^the Moon. — ^llie investigation and result are predsdy the 
same as for the sun. 

III. Centrifugal Force. — In investigating the equations of motion for the solid shell, 
it has been a.ssuined (.Arts. 4^ 5.) that the spheroidal axis of the shell will not generally 
be coincident with the axis A H' of rotation, w hich is now proved to be true, since the 
disturbing forces of the son and moon, while they produce a motion of the shell, cause 
no motion by their iromediate action in the fluid. Let VAif (fig. 2.) be the axis of ro- 
tation of the interior fluid, and !<u[)pose the splieroidal axis first to coincide with it, the 
dotted ellipse then representing tiie section of the interior surface of the solid shell. 
'J'he shell, its form being supposed coincident with that of equilibrium of the fluid, 
will, in this case, produce no constraint on the fluid motion ; but conceive the shell 
to be afterwards brought into the position rspresoited by the contbraous ellipse, AB 
being its spheroidal axis, while V shall still represent the instantaneous aus of ro- 
tation of the fluid. It is manifest that the planes of rotatory motion of the fluid par* 



the disturbing fiMroe on Q parallel to jf 



the disturbing force on Q paiallel to z 



the disturbing force on Q paralldi to x 
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tieles near B' and V can no longer, as in tiie former case, be perpen<Ucalar to A B', but 
most be consti-aijied to move in planes very nearly parallel to tbe tangent planes at 
B^ and V \ and it it also sufficiently obmns that irbatever effect is produced on the 




planes of motion of the above particles, a siiuilai* effect must be produced on those 
more remote from B' and V. Moreover, the mutual action of contiguous pariioieh 
situated in contiguous planes of rotation will necessarily preserve a very approximate 
parallelisRi of these planes throughout the mass. Wc may conclude, therefore^ that 
tbe instantaneous planes of rotation will always approximate, in a greater or less de- 
gree, to [>arnlb'lisT!i with the tangent planes at B'and A', the extremities of thf in^fant- 
ancouii axis ot rotation of the fluid. In the investigations immediately following, we 
shall assume this to be accurately true, and shall prove subsequently the accuracy of 
the approximation to the true motions thus obtained. If M N' be one of these pUines 
of motion/ M N perpendicular to A B*, and t ss angle N M N', we shall have « s 3 « 
as may be easily proved. 

9. The sections of the interior surface of the slii-ll made by these plani.'s of rotatory 
motion will be similar ellipses, so tiiat the angular velocity of rotation will no louger 
be accurately uniform. If, however, ^ be the eccentricity of these sections, i the 
elliptidty of the spheroid, and jS the angle BAB' (which will always be extremely 
small), it is eanly shown that 

= 2 • /3. 

This is so small that we shall still consider the anf:^ular velocity uniform, which will 
be proved in tlie sequel to W correct to tbe d^ree of approximation to which it is 
requisite to carry our investigations. 

KDOOOXZXIX. 3 K 
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We may proceed to determine the centrifugal force oo tfae fluid. 

10. Let A B' be now taken for the common axis of » and A C, perpendicular to 
A B', for that of and A D', conjugate to A B', for Uiat of r*, the axis of being per^ 
pendicular to the plane B A B', that of the paper. x,y, z will be the coordinates of any 
fluid particle (Q) referred to the rectangul^i" system of coordiniitcs, and .r'.y, «' tbc^ 
of the same [>article referred to the system in which the axis of z' is oblique to the 
plane of x y. Also D'AC=sNMN' = i (Art. 8. HI.). Then if r' be the distance 
of Q from the axis Of rotation of the flaid» measured in the plane of its motion, the 
whole centrifugal force on Q in the direction of r' s »^ r\ which (since and y are 
rectangular) is equivalent Xm^ai parallel to the axis of and «<y parallel to that 
of y. Hence 

X = «^^C08< = 

Z SB «' shi I = 2 I . « (Art. 8.). 
These forces do not satisfy the conditioas of equilibrium, and therefore the assumed 

position will not be one of equilibrium. The conditions would be satisfied, however, 
if the only forces were ai' x and t>i- y, and consequently tlic only force which would 
tend to ptodiice motion would be Z, or 2 « i . x. This is therefore the only part of 
the centrifugal force of which it is here necessary to talce account. 

n. In determitiiiig the motion produced by this force Z» we may observe, that 
since it acts symmetrically with respect to the plane of x x, by which the interior 
surface of the shell is divided synHnelrically, there can be no motion in directions per- 
pendicular to that plane. The motion of each fluid particle must therefore be in a 
plane perpendicular to flip axis of //, and must moreover he independent ofj/, since Z 
is so. Hence the deteriiuuation of ihe motion is reduced to the cu^e uf fluid motion 
in one plane, where (the plane itself being taken for that of xx) each partide is acted 
on by the force Z ss 9 ^ f |3 , «, and the boundary the fluid is an ellipse whose ellip- 
ticity is i, and whose centre is the origin of coddinates. 

12. The general equation 

rf/> = X r/ -r -f 'Adz, 

where X and Z are forces which maintain the fluid in equilibrium, is easily reduced to 

dp = Rdr+ Qrdfi, 

where r and 0 are polar coordinates of any fluid particle, R the accelerating force 
upon it in the direction of r, and 8 that in a direction perpendiculai to the former. 
Hence we have the condition of equilibrinm 

rfl ~ dr * 

or if 0 he the fui-ce acting on the fluid, but 0 4~ ^' tiiat which would produce equi- 
librium with R, we have 

tfl — Wr 
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Now in the case to which thia oondition is to be applied, we hare (I lieidg roessurad 
from the aacia of x, and r from the origin of s and x) 

RsZrinI 

= SWc/Sroot'sin^ 

= I" r sin 2 {k = 2a^t^)i 

Or = Z cos 6 . r 
aiftr'coe^^, 

.'.■^ sAr 00894, 

i^^^ = 2 A r cos* 6 

= Arr(I + C08 2^). 
SubsUtating tbese values in the above equation, 

* rcosa 4 = Ar (I + 00*2 #) + 

d.e>r _ 

and lince 6^ r must vanisb with r. (p (^} must = 0, and 




or if forces 0' s= — r, and Z = A j act on eacb fluid particle, there will be no 
motion. 

Nowsttppoaefbroes ^ r and — «* equal and in opposite directions to act on each 
partiele peipendicniar to r, together inth Z. The motion prodneed by Z will not he 
aibcted by Ibis superposition. Bat the forces Z (s A «) and — I- rare in equilibilmn, 
and therefore tbe motion produced by Z most be the same as that which would be 

prodneed by — r, acting perpendicular to r. 

Since the motion wo arc considering is in space of two dimensions, the surface 
of tbe fluid must be deflned by some plane curve, if the particular form of which the 
result at which we have just arrived is quite independent, lieing subject only to tlie 
oondition that no part of tbe fluid snrfbce shall be free. Lotus snppoee the curve to 
be a circle, of which the centra is the origin of coordinates. The angular aocdecating 

force on each particle = ^, and is, therefore, the sane for every particle. Also tbe 

388 
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reftction of the aarftee woald, in tbia ease, have no dfect on the angular motion of 
the fluid. Consequently the angular velocity generated by Z in a unit of time would 
k 

-"«• 

14, If the boundary of the fluid be an ellipse of which the centre ii> the origin and 
(be eeeentricity very small, the same result will manifestly be very approximitely 
true. 

Tins last is the case, in which it was necessiiry to determine the angular motion 
(Art. 11.). It follows that the angular velocity of the internal fluid mass round the 

axis of jr, wfaieb would be generated by the force Z in a unit of time s or (substi- 
tuting the proper value of Ir) it s • jS, neglecdng quantities of the order ^ ^. 

15. This angular vdocity will be compounded with that about the axis of » («). 
Now if we again suppose the fluid mass to be spherical, it would manifestly move 
precisely as if it were solid, .since the angular velocities v and i /3 about the axes of 
s and 1/ respectively are common to all the particles of the mass, and the axi:; uf in- 
stantaneous rotation would consequently iiuve an angular motion in $()ace per|>eu- 

dicular to the plane B A B' (fig. 2.) and =r — =r » 1 13. If the fluid tnass be splie- 

roidal, as in our actual case, the ellipticity being small the same result will be very 
approximately true. 

We may now proceed to the formation of the diflerential equations for the motion 
of the instantaneous axis of rotation of the interior fluid, or of the point V (fig. 1.). 

Forniaiiou of the DiJJl'rt'ntiat Etjuathms for the Mufinn uf V (fig. 1.). 
10. ijiuce the angular velocity of .\ B' (fig. 2.) is * i . |3 (Art. 15.) in a direction pt.i'- 
pendicuhir to the plane B A B', the linear velocity of 1^ (fig. 1 .) will also be « e . j3, or 
«■ . P P; or if «t s 2 7,, the linear velocity of F perpendicular to P Fs 2^, . P F. 
This is exactly simihir to the ^piiession for the motion of P perpendionkr 10??* 
(Art. 5. v.), but it will be observed that the an^iilar motion of the fluid about the axis 
perpernliciiiiu to the plane B .\ B' (fig. 2.) whieli the centiifiitral force tends to pro- 
duce, is in tiie direction opposite to that of the angular motion ot the shell which the 
floid pressure on its interior surftce, arising from this centrifugal force, tends to pro- 
duce (Art. 14.). Hence to obtain the diflferential equations for the motion of P we 
have only to put — 7.^ for y| in the equations of Art. 5. V. We thus have (now de- 
noting \x<j xy £ and y the same quantities as iu Art. 5.). 

:j^+3y,(*-4/) = o 
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Integration of the Dijferentrnt Equations for the Mothms of P atid V 

1 7. i'he equations (A) and (B) (Arts. 6, 16.) form a system of four simultaueuus 
difiereutial equations, viz. 

^7 + 2yi(y-yj = A-Bco82(»/ + X)-B'co82(«'/ + X'), . , . (i.) 
^_2y, (x-aO= D8in2(«/ + X) + D'sin2(«'/ + X'). • • • (2-) 

<3-) 

f^ + gy.Cx-aO^O (4.) 

(1.) X rs + (3 ) X y, givea 

>2 4? + y I ^ = y« A - y, B cos a (« < + X) - y, cot a (rf / + X'), 
and (2.) X yj + (4.) X yj gives 

yi^7 + yi^«yt»«in3(»* + J^)+y,D'wn8(i»'< + V). 
lot^rating these two last equations, 

y*-r + yi-t' = y*A<- ^8in2(nf-hA)-^'8in2tn'< + X') + c,, . , (6.) 

y«y+yiy=-f?c«2(fi/+x)-^cos3(iif<+x') + «2. . . . («.) 

To determioe the arbitrary constants q and Cj, let a/ and ^' eacli = 0 wben / = 0. 
Then 

Ci = ^ sin 2 X + ^ sin 2 X', 

Equations (5.) and (6.) are tiro integrab of onr finir dlflferentiol equations. 
J 8. Substituting in (1.) and (S.) for y and y, we obtain 

^ + 2(y, + yi)y = 2c^ + A-(B + ^)cos2(n/ + X) 

-(B'+'«t^)cos2(ii'* + X'), 
^ - 2 (yi + y») * = - 2 c, + (d + ^) sin 2 (n < + X) 

+ (d* + ) si n 2 (fi? / + X') - 2 7, A #. 

Let y = 7i -I- r-jt K = A, 

L = 2 Cj + A, L' = - 2 c„ 
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M = B+^, M' = B' + ^ 

N = D + 3^, N' = iy+2jB:, 

Then 

^ -I- 2y3/ = L - Mco82 (n< + X) — M'cosa (n*/ + X'), 

'2y.r = L' + N8ina(H7 4 X) +N'«in2(«'f + x')-2K^. 

T!ie integration of these equations will be easily effected by ttie method of the vari- 
ation of the arbitrary constants. The simultaneous equations 

ftre satisfied by 

.r = C, cos 2 y ^ — Cj sin 2 y / 1 
y = C\ si n 2 y f + Cg cos 2 y * J 

and if ire write equations (B.) under the form 

4f-2y*=Y(<). 
we shall have, considering C, and C, as fiinctions of 

-jji COS 2 y / - sm 2 y / = O (/), 

.-. ^ = Cfli a y # . * (0 + sin 2 y # . Y (/), 

•^35 -rin2y#.4>{0 + cas9y/'F(/). 

Each term in Ci and G, corresponding to the several terms in *P (/) and Y (t) may be 
determined separatdy. 
Let 4> it) s L, Y (0 B L'i then 

3 L .cos 2y « H- L'sin 2 y 

c 

■jf^ " LsinSyf + L'oos2yls 
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•••Ci = ^mn 2 y # - ^^CM 2 y /, 

Let ^{i)=-Met»2(ni + K), 

(0 N atn 2 (nf + X) j then 
lie 

— MoOB2y#.OOB2 (n« -h K) +N8m2y<.8m2 («/ + X), 

Mnn2y<.co63(»#4>x} + Ncos2y#.8in2(ttf -|-X)s 

rfc, M r 1 

••. "57* « — g- I cos 2 (y — n / - X) + cos 2 (y + « < + X) I 

+ ~ I cos 2 (r — n / — X) — cos 2 (yHh^-f + X) | ; 

ano ..t,, «^-«) - ft WV^) 

^ = ^ { dE a (7+;; # + X) + sin 2 (f^TlTi _ X) J 

+ ^ {sin 2 (F+^/ + X) - «D2 (iF^f- X) J i 
IIIld..C,= ^ 5 ^^_|Lj 

TUdnf - M'ofM3(i^f + X% 

we shall obtain in a similar manner 



C. 



M' - y _ 3m2(y-ii'< -X') M' -f sin 2(7 1 + k') 



» «(y-«f) a 

Let p(0 = 0,^(0 =- 2K/i thea 

-2K#.siD2y#, 

•^s=-.3K<.C082yl; 
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Hence for the complete values of and we bare 

- 4^)«'« a (?^« - M - 4TfV^^, sin a (7+^ ' + ^> 

- :^^) sin 2 (F^ I ^ X') - sin 2 (f+7 i + V) 



^ /un 2 ¥ < COB '-i y / A , 
-2K.(-j^| «y^V+'^*' 



L L' 
= 2^ COS 2 y / + o^sin 2 7 / 

where and are arbitrary constants. 
Substituting these values in equations (C), we obtain after reduetion. 



+ C3 cos 2 y ^ — C4 sin 2 y < + ~ • / ; 



(7.) 



(D.). 



L K vM-nN *y . . *v yM'- w'N' ^^ , 
y=2y-2-?-«(y*^)*^*<"' + ^>" + |. (8.) 

-|- C3 sin 2 y / + C4 COS 2 y 

To determine the arbitrary constants and c^, we have x = 0 and y as 0 when 
/ = 0, which gives 

»M-yN . n'M'-vN* . , L' 

vH-nN , yM'-n'N' / L K\ 

i (y* — t) COS 2 X + ^y. _ cos 2 X ~ ~ j . 

Equation* (6) (6) (7) and (8) are tiie four integrals of oar foar differential equaf 

tions. 

Wr hiive now to express the coefficients of equations (D.) in terras of A, B, B', D, 
and Jy. 
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«M- yN f IB , yi/yB .Xl^^ 



Similarly, 



yM->iiN^yB + y^D-iiD~y«B 



«(y«-l»») 



yBT-T/N' 

«(/-«'*) 
K 

y 



J. A. 
y 



Henoe we obtiUii by lubttitution, 

+ { - ^ + y-^ ( J - • ) ? } «i " « ' + 



C«2y< 



MDCCCXXXtX. 



3 P 
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/ 2 



. sin 2 y < 



sin 2 J' < 



coi 3 y < 



MIL HOnUNS't EBBBARCHBB IN PBT8ICAL aiOLOOT. 

^.S-coa2X--rJh?(j--D)T<^~2X 
From equatioM (d.) and (fl.) we have 

= - f „ - ^ « <« ' + ^) - ^1 - « « (-^ ' + ^0 + ^ A / + ^ - ^ X, 

npd salwtituting in thcM exprearions the above values of « and jr» we hnve 



cos2 
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y = - (I - d) f COS 2 {« / + X) 

? ir. ">« 2 X - y i;^ C; - u ; J cos 3 

We have now to determine the values of A, B, D, B^, U, fi and y,, for ▼hich pur- 
poee (Art. 6.) we must find the yalues of the following qqantities : 

A, Dj 
A.B.D, 

A1B4D4 

^. Determination of the Numerical Falms 0/ the Constants in equations (E), (F), 

• (G) and (H). 

19. yiabies 0/ A), B„ and Dj. — The moment of the disturbing force of the sun com- 
municating a rotat(M7 motion to tlie earth eonsfdered as a tiomogeneons spheroid, 



3ft 4x 



-r a,* C| (oi* — Cj2) sin 2 A 



(Alt. 1.) 



and the moment of the forces on the ahell 
8 ft 4» 



r.- TJ«(«i*-«»)«i«»aA 



I, 



« a* (t* - 1 ) sni 2 A, 



where 9 s the ratio of the outer to the inner radius of the shell. 
The moment of inertia of the shell 



15 



-^a^f- I). 



3p3 
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and therefore JL — JL J!t. 



s sin 2 A 



= i^- f sin 2 A (T = one year) 



(since T« = 3rr, v = 360*96), vhich is the same as if the spheroid were eotirely 
solid. This gives us* 

A| = — I SID I COS 1 -If* 

B| as — I Sin I C08 1 
TX Sir . , I 

D, = — I Sin I 

where I inclination of the el liptic. 

20. yalues 0/ A.^, Bj, ""'^ 1^;^- — i" » bimilai* manner wc obtain 

Aj = 1^ t sin i cos I cos* i ^> 



3* 



Bo = . I COS 2 I sin 2 I TivJ 



3% 1 

D, s — 2V + T) • I «n 2 i 

wlicre t = inelihtilioa of tlie plane of tlic moon's orbit to that of the ecliptic ; 
T = moon's sidereal period, if — nnmtier of days in it = 37'32 ; and 

mnss of the moon 
" - mass of the earth = 

21. Xumerlcal value of Aj B;, atui D,. — Let tiie interior surface of the shell be re- 
ferred to three rt>rtaiig:iilar co-ordinates x y z, the spheroidal axis hcing now that <if z ; 
and let p denote the normal pressure at tlie point -i ffZi I and ^ the angles which the 
normal makes with Ihies parallel to the axes of « and sr respectively. Then if 

Xsj}.iSC06{, Z ssp.SScos^, 

the moment of the normal pressures with respect to the aids of y 

s 2(jrcos{ — zemi)p. is 
But I 



* AmT"* tVMta, p. 810. 
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And in the sniieroid 

whence by substitution, the moment abont the axis of y 

= 2^1— ^ .1 p .cS cos ^ 

where 

In the determination of p it will suffice to consider the Rplicioiilal surfaec 
spherical ; and since the disturbing force of the sun is the only force producing Uie 
rotation we are now considering, the other forces may be here neglected. Hence if 
the line joining the centres of the sun and earth be taken for the axis of d', and the 
plane through this line and the spheroidal axis for that of y x'» 




and 

But considering the spheroid as approximately a sphere, and z' a point on its sur- 
face, 

and if the plane of « s coincide with that of V 

y = ,r sin A -f- ~ cos A, 
A being the umin nurtti polar distance, and the spheroidal axis that of s. 

.•.p»|^3|aa8in*A + «£Bin2A + x«cos»A- - ~- j; 
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and tbe moment about the axis of y 

Lei »srcM4y 

y = r sin ^ sin ^, 

X — rsintf cos p, 

0 being the ang!e which r makes with the axis of a, and ^ that which the plane of f 
makes with that of x z. Considering the spheroid to be approximately a sphere we 
may pat r b a, and ( = I. Alto ire shall have 

Hence jfj^ x^cwi.iS^efijf/^ ma^icMfcw^pdidf, 
ff s«*co8^.«S = a'j^ sin«/coeS«cos^tftfilf, 

SJ ^' 2 COS C • ^ S = (^jj sin* 6 cos* d cos^ pdidp. 

aiacej^' CM*** ' p . ^ = 0, each of these integrala except tbe last will vanish be- 
tween tbe limits ^ s 0 and f=2w. Consequently the moment about the aids of y 

= 3^«sinaAa*7y «n>loos«lcos*^</<></«) {j«oto/=w') 
= V;^.sin2Aa^. 

The moment of Uiertia of the shell c onsc(i ,ient ly tiie accelerating 

force of rotation arising troiu the pressure we are now conBidering 

or if be the angular vdodty generated by this foree in a unit of time 

■^ = ¥ 

= 73TV- (Art. 19.) 

Hence we have . _ \ 

D 
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m 



22. Falue* of A^, B4, and D4. — lu the same manner we uliUiin 

23. f^o/ue ^ — We have seen (Art. 5. V.) that the angular motion of the sohd 
•bell produced by the centrifugal force of the fluid will be atMut an axis through the 
centre of the spheroid, and perpendicular to the plane passing through the spheroidal 
axis of the shell and the axis of rotation of the fluid. Let this axis be now taken for 
that of y, and the axis of rotation of the fluid for t?iaf of and let ^ ?/ ho the 
ordinate of any particle of the fluid; then p denoting the llnid pressure there. 

Now the impressed forces with which we are here concerned being those only which 
arise from centrifbgal force on the lloid, we have (refaning to Art. 12, and observing 
that the letters which are there unaccented are accented in onr present notation) 

Also, rince the moUon of the fluid about the axis of y is that produced by the acce- 
lerating force «^ 10 . r acting perpendicularly to r (Art. ve have 

Hence we have by substitution, 

= +yrfy) -l-jc' 

The moment of this force about ^e axis of y 

= 3f2«^.)8oo8C, (Art. 31.) 

= 2* (y* +y2 + 2 y «' + C) J Scos^. 

In this expression we may consider y as co-ordinates of a point in the surfooe of 
a epfaere, whose radius s a. Therefofe 

«^ + y B a'— s!^ approximatdy. 

Aim), rinoe in our results we shall only retain terms of the order • (8, the term 2 1 18 y 

may be neglected, the whole quantity under the integral sign being multiplied by *. 

This is the term arising" from the effeetive force on the fluid. 
Hence, the moment about ttte axis of y 

= « 2 4r (a- + C - » -) 4 S cos 
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The qiherotdal axis being the axis cixwe bare 

»' = « cot 0 — X sin |3, 

and substitating tbe cKpreralons for x and z in termi of the polar co-ordiaates as in 
ai-ticle 21, the above expression redooes itwlf as in tbat article to 

«^fSiii9j32«je*iScos^ 

= I sill 2 ^ ' ^ ^ fd^d p 

Dividing this by tbe moment of inertia ^(^(/f— 1)} we have (if «" be the an- 
gular velocity generated in a unit of time bj the force we are now eonsidering) 

and 

*^ « • _i <k « 

and therefore (Art. ft, V.) 

a»f 

yi — 2^ - I) 

»• I 



2 T 

since if L = one d.iv, a, = — . 
24. yaiue ^ — ^^i^ C^*^* ^^0 



1 

25. Sttbstitnting the values of A, B, B^, D, and (Art 6.) we obtain 

A = ^ _-j • — t sin 1 cos I + cos* i ipj, 

B = ^;r^ —jsinlcoslY* 
= . jp-^:^py5 1 cos 2 1 sin 2 1 ip, 

JO = ~ « sin I ^. 

ly = - p^-y- « COS I sin2 iijr 
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Thaw give as 

p = C08I, 

B| cos il^ 

n = ■ijr> »' = — » (Art. 6, 1, ana II.) 

(Art. 88.) 

y, = «>i^ (Art 24.) 

•• y = 71 + 72 = ^rz-i^'i^- 
For Uie convenieDoe of reference we may also put dowa the followiag ratios : 
i = flip-L. = 2^ • r.' (since^ = ») 



7 

» = 366-26, Y = 

Also, taking the ellipticity which the earth would have had if it !iad been originally 
fluid and homogeneous, we have i = 004 nearly ; which aUo gives 

n' '88 n 

Hence it appears that ^ can never exceed or *047, a small quantity; but 

may be greater than, equal to, or less than uui^, according to the value of 9, or the 
thickness of the earth's crust. 

f . Final Epiatiotu, gwmg iAe Numerkat f^alaes of x and y. 

We may now proceed to tbe snbatitntion of the valuea found in the last section in the 
coefficients of equations E, F, G, and H (Art. 18.). I shall begin with equation E. 
26. Tbecoefficientaof8in2(nr + ^)is 



MPCCCXXZIX. 8 c 
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Its value depends on that of ~« which may either be much U'ss thau unity, equal to 

unity, or greater than unity, acc n l i i: to thp value of the ratio (g) which the outer 
bearh to the inner radius of the j^ludl {.\vi. ^a.j. 

1. Let the shell be thin, or 7 nearly = 1 ; then will^ be small (Art. 2i.). Conse- 
quently the coefficient becomes 

*f tm 

B 

f* «« 

— — 71 SlU 1 COS I. 

3. Let the tfaiekncai of the shell be sach that = 1 nearly, lliea (Art. 36.) 
and 

= (37iH = l'S nearly, 

which determiiMe the corresponding valae cS the mtio of the inner and enter radii of 
the shell. I shall reserve this case for a distinct conslderatioa in the sequd. 

8. Let ^ be greater than unity. If the shell be so thick that f becomes consider- 
able, 7| will become small, aud the coeOicieat will become 

JL 

Si . . . 

= — 3- sm I cos I 

{q boing considerably greater than uni^). This value is identical with that found in 

the former case. 

The coefficient of sin 2{nf t-{- k') (since ^ is always small) becomes 

_ 3jg » _ - 1 B* 
V «i? J» ■«!? 

= - 4 v> '+ 1) pcosslslnai. 

The coefficient of cos 3 9^ ^ consists of two parts, of which ibe latter (since ~ is small) 
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redaoee itself to 

and in like maimer, when ■nuJl* (or ^ thicltiiesg of tlie ■hell nnall) the fieU 
jiart beooroea 

ud (be whole eoeffident beoomcs 

1 S f sin 1 . „ , sin I sin 4 t . „ , , 1 
= i» « t 2 K - gp.^^ Sin 2 j . 

The eoefficieiit of sin 9 y / becomes (if ^ be onaU^ 

1 ,1 f siiiIco»I _ , , coaSlsiiiSt _ , 
sin I CM I sin I oog 1 cot.* i 1 

Tbese two coefficients being affected with tbe factor ^ are very much diminished 
when q becomes considerable. 

Tbe coefficient of / = ^ A, and becomes 



A 



9" 

s= — 8in I cos 1 1^ + • y COS** ^1 . 

Tbe constant term becomes 

|~diiIeoBlsjn3X + 4^(r \ i) om 3 1 iin S i ^ lin 3 V. 
Taking tbe ezpmdoii for i/, the ooeffident of cot 2 (n / + \) becomes, iriien 

is small, 

T 

7 tttt 

= — ^p^sinl. 

This is also true when f/ becomes considerable. 
The coefficient of cos 2 (»' / + x') becomes 

s« 



So3 
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The numerical values of the coefficienta of sin 2yt and cm 2 7 / are respectively 
the aame as thoie of coe 2 y f and sin 2 y f in the expression for 
The constant term becomes 

^8inIco82X-- 4^(y'^ |^ cosIsin2i^co82X' 

27. Hence we obtain the foUomng expresuons for x and for any thickness of the 

shell for which — is small. 

« =s -^*sinIco8l8in2(«l + x) - -J-y^q:-^ ^oos2 Isin2isin2{rt'f + X') 



+ ? * T { ir - 5?rji^jsin 2X' j coe25r^rT*«i; 



(I.) 



sin I CO! I ^ , cos 2 I sin S » , , , 
-T COS "2 > -f ,^ ti,- . ,\ COS 2 X 



■ill Icosl 



a/*{<r + I) 
Bin I cos I cos* ( 



sin 2 



+ ^Slnl COSi (4 + -J COS* .-^ } + C J 

y = — ~8inIco82(n< + X) +^;#^^^^cosIsin2iiJ|Cos2(«'< + X') 
.1 3 f sin 



sin I . . sin I sin 2 1 . 
■Bin2X— - .jt ;-- .vSin 



ttK«(<r + !)• 



2X' j8in2;;r^T« ' 



(K.) 



« 3 



sin I COS I _^ , cos2lsin2» 

— ^1 «>s2X + -jpf^j-^cos2X' 

dalwwl iiiiIaMlceiF# 
7 



COS. 2 



when C and C are small constant terms whose values an given above. 



These are the expressions for x and y when ^ is small, or the thickness of the sheii 
comparatively small. When the thickness is such that q becomes considerably 

greater than liuity, the terms involving sine and cosine of 2 ^ vt — may be en- 
tirely omitted, ;iiul tlie expressiooi* will then be trnc in this ease. 

28. 5ince the motion of the interior fluid cannot be subjected to observation, it 
would be useless to make tlw substitution of numerical values in equations (G.) and 
(H.) (Art. 18.). We may remark, however, that the motion of the axis of instanta- 
neous rotation of the fluid will be exactly similar to that of the axis of the shell, and 
of the same order, as is easily set n by ( (.inparinp: the two equations just mentioned 
with the equations (E) and (FJ of the same article. 
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^. Interpretudoii of the Final Expif snms for x and y (Art. 27)- 

29. The terras in r and i/ which have 2 {n t -\- \) lor their arguments arc the two 
parts of solar nututiuii. They are iileiuicul with the expressions for solar natation 
deduced on the hypothesis of the eaitVs being a bomogeaeoas solid spheroid. It 
will be recollected tliKt this excludes the particular case in which the outer and inner 
radii are in a certain ratio to each other (Art. 26. 2.). 

The terms of which the arirutnent is 2 (n' / -f X') are the two parts of Iimnr Tuita- 
tion, which arc, for any thick t)CJ>s of the shell, identical with the expression!) deiiuced 
on the hypothesis of the earth's being entirely solid and homogcneoos. 

The term in x which constantly increases with < is the loni-solar precession. It is 
again identical with that found on the hypothesis just mentioned. We inuy also re- 
mark, that this agreement is independent of any appnnimation depending on the 

samllncss of soeh quantities as — or — , and is conseqnenUy more accurately true 

than in the expremons for natation. 

<7* t 

30. The terms of which the common argument is 2 ^ _ , r i j- or 2 y t indicate 

an inequality depending entirely on the fluidity of the interior mass. If we denote 
the coefficients in these teims by G and H,and ni^ect the other terms, we shall have 

X = G cosS 7/ - H sin 2 y/, 

yssGsinSyZ + HcosSyl; 
or 

jc = + H- cos 2 (y / + K), 

y v/Cf! "+ \V sin 2 (7 / + K) ; 
^wbere tan 2K = ^} which show that r urui if would thus he the coordinates of a 
point moving uniformly in a circle} and if R be its radius 

and the period of revolution would = 

T * 

It appears by the expressimis for G and H, that these quantities will be the greatest 
when 9* is least, i. e. when tbe'sbdl is very thin ; but even in that case tbqr will not 
rise to magnitudes greater than those of the order of the solar nutation ; and when 
the thickness of the shell becomes considerably and ^diffeiB considerably from unity, 
the inequality will become quite insensible. 

There is a corresponding inequality in the motion of the axis of instantaneous ro- 
tation of the fluid, imycated corresponding terms in if and y. Comparing them 
with the terms in x and y, we find (omitting the other terms) 
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«' = -- ^ G sin 2 y / - H cos 2 y / : 



or 



= - ^ y GMTP «»2 (y # + K), 



y = - ^ ./ej+Ti^riiia (y « + K). 



Coiueqaently the loctts of y y would also be a circle deaeribed about the connnon 

origin of x y, and i/, and having a radius =: ^ R. By this inequality, therefore^ 

aloue the points P and P' would describe circles about the same centre in the same 
periodic time, witii radii in Ifte ratio of j'j : and differiag in angular poaition by 180°. 

Tlie motion now described is that which would obtain if no extraneous distorlnng 
forces acted on the spheroid, and the axes of instantaneous rotation of the shell and 
nukl should be separated by a small angle. li is a case of rotatory motion which has 
not before been investigated. 

31. The case which remains fur our consideration is that in which y = n nearly 



In our prevkras hivestigatioiM we have supposed the spheroidal shell to be of a de- 
finite constant thickness, and not to increase with the time. In the case of the 
earth, however, in which the solidity of the shell is conceived to he Hue to the external 
refiigcratjon of the luass, this thickness must be constantly increasing, though the 
rate of increase must be excessively slow ; and our results, as expressed in equations 
(E), (F), (G), and (H) (Art. 18.), sHll be true for any instantaneous value of f , or 
of the tbicfcncas of the shdl. So for, however, as the inequalities are of appreciable 
magnitude, we have seen that they are independent of particular vaioes of 9, except 
in the case which we have now to consider. 

Referring to equation (E) (Art. 1 8.) we find that when y — n is very small, we 
have (taking what then become the most important periodical terms) 



(Art. 86.). 






Ko-_2L___2l L_- Ji. L_ 



(sinoe y s « nearly) ; 



also 



lj = cos I. 
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Hence putting ^ (1 — cos I) -g ss A, we bave 

= 2 * • ipTji — 2 (m / 4- a) very nearly, 

wi expreaskm wbidi aMumea the form ^ vhen y s n accnratdy. To pot it uoder a 
more coDvenient form, usame t a particular value of /, auch that 

2 (y — n) s smne multiple of r 

s 2 m «■ ; 

and let < = 

and when ' — 1*1 

let y — « — *, . 

For the clearer interpretation of ttiis term, let us first suppose the thlcknem Of tim 
shell, and therefore y and v, to remiun constant. We bave 



= ^ sin 2 *i /" cos 2 C« + L). 
In a dmilar manner we obtain 

1/ = ^ sin 2 *! . sin 2 (n + L). 

Since is supposed very small compared with n and the product », /" may be con- 
sidered as nearly cuutituut t'ur any one year, m which time bin 2 (n + L) will pus«> 
through its period, and the solar nutation for that year will depend on 

— sm 2 * f, 

Conieqiicotly tnm the time when < s / or ^ ss 0, this natation will increase every 
year tiU 2 « = f^, after which it will again decrease. We should thus have a jvck 

inequaiiti/ in the solar notation, of which the whole period would be ^, and ut which 

the greatest value, with reference either tox or jf, would he 
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Ill the actual case in whicb y constantly decreases, suppose that at the time f from 
the time 

♦ — » = *, — r/", 
r denoting the rate of decrca5!e of y, and being taken constant during a small ali- 
mentation in the thickness of the shell. Then shall we have 



* — ;~T7'"» 2 («i -'•O ^ .cosa (n/ + L), 



witli a iiiuiiiar exprt^iuu for j/. 

This CKpfcasion indicates a secular variaikm in the Mcuiar inequality just noticed, 
which increases with tlie diminution of «| — r t, or the increaae of till p ^ becomes 

greater than .t,, after which the inequality will constantly decrease again. 

The determination of r would require that of the rate at which the thickness of 
shell may increase. We have 

ds ^ 



But _L /A.^ .It \ 

r = prn *• 1* (Art* 26.) 



^7 _ a,*fl* «t (fa 
Trt ~ ^ {a,»- a*)»7; ■ at 



Let ) a s increaae of tbidincaa In time T (one year) ; then 



and 



hy the substitution of numerical values (Art. 90. 2.). Hence r may be known when 
-z IS determined. 

bubstituting for its value and for r its value -ig, we have 
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We nay here, witbotit senrible error^pnt for q its paitieidar Ta]ne| (^r;;) ' (Art 26.9.) | 
vlien y s n. We thus obtain 

h = '02 ^ nearly, 1" being the angular unit. 

Also (Art. 25.) 

= (^ 1-464 - 2);. 



2 A 

Hence the grcatcit value of the secular ineqnali^ s y"—** 



and tbe wbole period of the inequality s yZHi* 

T 



1-464-.* 



If we Moga any particular value to the above exproeion for ^ easily 

determine tbe corresponding value of and of the thickness of the solid flhdl» and 

also the period of tbe inequality, supposing tlic thickness of tbo shell to remain very 
nearly the same during such period. Thus, suppose tbe greatest value of tbe inequality 
to be 5"f we bliaK have 

•04 



I = 77 nearly, 

or ass 77 flj. 

Abo when y = n aceurately, we have (if ^ be tbe corresponding valoe off) 

1-464-2 = 0, 

which gives 

y = 768472, 

or, if 0^ be the oorxesponding value of a, 

a* s 768473. «i. 

IIDCCGXXXIX. 3 H 
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Therefore 

a — = 6 miles approximately. 
The period would be about 123 years. 

In order that these numerical results may be approximately true, the variation of 
a — a* during the. period of 125 yrars intist be fsmall compared with // — a*. If we 
suppose the thickness of our shell to increase at the same rate as that of the earth's 
erast in the process of its solidification, this will probably be true. 

Again, if we suppose the inequality to arooant to about lOOO", we obtain 

a — If' as 130 feet nearly; 
and tbe period, supposing a constant, would be about ibfiOO yeats, i.e. in one fourth 
of that period the jxirt of solar nutation dependent on the term we are discussing would 
pass from zero to al)ont 1000 seconds-. If, however, we suppose the solid shell ot our 
spheroid to increase in thickness at the same rate as the crust of the earth, the dif- 
ference between a and cf would possibly not remain witbin tbe valoe just mentioned 
for nearly so long as 0000 years ; in which case, suppodng tlie ineqmli^ to be sero 
when a — ti sbonld equal about 1 3f) feet, it could never afterwards amount to nearly 
1000 seconds ; nor could it have been previously so groat, because its previous values 
must have corresponded to values of <f — a' less than the alune valne. Our investi- 
gation, however, docs not tell us whether 120 or 130 feel would he near the value of 
n ~ of the last time the secular inequality should vanish before a became = «l, and 
consequently we cannot say with certainty that 1000 seconds would be the extreme 
limit to which tbe inequality would attdn. In fact, the exact determination of this 
liuiit would require th*- very accurate deteruiiuatiou of u as a function of /, which 
cannot he known in the case of the earth's crust without an accurate knowledge of 
the conductive power of the matter which constitutes it. From the snmll value, how- 
ever, cXu'—d and great length of the period corresponding to the maximum of lOOO^ 
for the inequali^ we have been considering, it may perhaps be deemed cxtranely 
improbable that it should ever exceed that value in the case of the earth. Hie dun> 
tion of time for which the effect of the cau<e wc are discussing on solar nutation 
would be sensible to observation would be, tliat necessary for tlie tliickening of the 
earth's crust so to increase that a — a' should pass from -}- (6 or H miles) to — (6 or 
«8 miles), and migfat tbereforo be approximatdy determined if the quantity deitoted 
by r in this article were known. 

^. Degree of . I/ri/roximatwn in the preceding lit^mUs. 

The results at M'hich we have arrived above rest on the hypothesis of the instant- 
aneous planes of rotatory motion being parallel to the tangent plane to the interior 
rar&ce of the shell at B' (Art. 8. III.) ; and it remains for us to consider the degree 
of approximation to the actual motion which has been thus obtained. It will be re- 
collected that, un this hypothesis, the centrifugal force produces a force Z = 2 tv^ i /3 . or 
(Art. 10.), which alone is effective in producing motion in the fluid, this motion being 
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about tbe axis of y, and that which, comlrined with the angular motion about A B^, 
causes the angular motion in spaoe of this latter axis. Tbe valne of Z has been 
found on tbe bypotiicris of » being oonstant, or of tbe rotatory motion about A B' 
being the same as if the sections of the inner soribce of the shell were circles instead 
of being ellipses of small eccf nti ictty (Art. 9.) ; and the pressure on the inner surface 
of the shell depending ou the centrifugal force has been calculated on the same hy- 
pothesis. It will be necessary therefore to examine the errors thus committed. 

83. Let us conoeive a closed cylinder entirely filled with fluid, which revolves uni- 
formly abont the axis of the oyUnder with a vdocity and is not acted on by any 
external force. If the form of the cylinder be then changed without changing its 
volume, soth^Li vncki section perpendicular to it* axis shall become an ellipse of small 
eccentricity inHlead of bein^^ circular, it i<? manifest from the conditions of symmetry, 
thut the uiigulur motion of the tluid, though nu longer uniform, will still be steady 
about the same axis, as in the circular cylinder. Conscqnently if / be the pressure 
at any point od the surfiice of the ellipUcai cylinder, t/ the velocity of the fluid at that 
point, we shall have 

and if p and » be any corresponding values of and u' (which may be taken for their 
mean values) 

and 

Now the quantity of fluid which patisets through any section of the elliptic cylinder 
made by a plane through its axis, must be constant, and therefore the velocity -J must 
vary inversely as t**, the radios vector of the elliptic section from its centre. There- 
fore, if r be the value of i* when « is that of i/ (i. e. the mean value of r') 

= ti*-^(I-.2<'cosO» 

whoe y is the axis minor of the elliptic section. Also 

a' + y 

r = — 7^ — > 



* Then eta be m dottbt d tiuebypadicebbeiiigtrae;. «s leait to a aoflieieiit degne of effiroitmtioa 

3 H 2 
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and 

ji' s: p -|- tf^ cos 2 ^, 
or^ patting in tbe sribU term mrforv, 

;/ = p + — r V COS 2 ^. 

We have licre taken / ' ami as the polar coordinates of the elliptical section of the 
surface, bat it is evident that this expression for the tluid prcssnre will be eqnally true 
for any point ot the fluid of which r' and ^ are the co-ordinates, p and r being taken 
with reference to an ellipse passing through the point (r' ^) similar to tlie elliptic sec- 
tion of tbe cylinder, and similarly ntuated. 

The case which presents itself in oui actual problem is analogous to the one just 
considered, so far as regards the elliptical form of the sections made by the planes of 
rotatory motion, these planes being parallel to the tangent plane at IV ffig-. 2.). Tlie 
common elUpticity of these sections is f fi (Art. 9.), and, therefore, in finding the ctlect 
on the shell, of tbe pressure arising- from the centrifugal force on the fluid in article 
23., we ought to have used iarp tbe pressure as found in tbe last article, p', or 

CD* 

P + -2 '"^f /3cos2^. 

This, however, would only introduce into /; a term of the order f/3, and which, there- 
fore, may be omitted, as shown in the inve!*ti<,^ation just referif-d to (Art. 23.). Also, 
taking this expresiiiua for p' as applicable to any point of the tiuid (as explained in 
the preceding paragraph), it is easily seen that the force Z (= «^ f /3 . x) will only be 
altered, in conscqnence of tbe ellipticity of the sections of the shell, by a quantity 
small cotnimrcd uritb itself, and which may, therefore, be neglected. Our results, 
then, will be (piite accurate to the degree of approximation to which we have pro- 
ceeded, as^>uiuinir the |>ariilh lisni of tbe planes of rotatory motion to the tangent plane 
at B'. I shall now proceed tu this point. 

34. It has been shown (Art. 15.) that the angular velocity of A B' in space s « . i|3, 
and also (Art. 38.) that the angular velocity of A B is of tbe same order as that A B' 

L e. of tbe order t ^. The angular motion of A B' (Arts. 12 15.) is due entirely 

to the obliquity of the planes of rotatory motion of the fluid particles, and the above 
value of it is calculated on the hypothesis of these planes of rotation being panillel to 
tbe tangent plane nt B'. It is easy to see, however, that if this hypothesis be not ac- 
curate, the value of (Art> l^O <^nd therefore of the angular velocity of A B' 
(Art. 15.) will still be quantities of tbe same order respectively as tbe calcutoted iralnes 
which have been given, so long as the planes of rotation shall m^e angles with planes ' 
perpendicular to \ h' which, instead of being = to < (Art. 8.), shall be merely of the 
tame order of magniiude. Without assuming, therefore, the accuracy of tbe above 



Digitized by Google 



llll. HOPKlKtfS RBBBARCHBS IN PHYSICAL OBOLOOIT. 



419 



hypothesis, we may still assert that the angular velocities of A B and A B' will neces> 
larily be of the order < /3. 

Tbe poeitioiw of tbe pluiei of rotatory motion will be affected by the change of 
position of the shell, or of A B, and also by that of A B'. It will be convenient to 
consider these rase? septiratcly, first, supposing A B' fixed while A B moves* and 
then taking A B fixed and A B' in motion. 

In tbe assumption, that A li' hhall be at re^t, it is meant that it shall here be con- 
sidered as nnaflfected by the angular motion which has been investigated, and which 
is dne .to the obliquity the planes of rotatory motion. Our first object wilt he to 
examine whether any motion will be communicated to A B' iis the direct and imme- 
diate consequence of the motion of the shell, and independently of centrifugal force 
in the fluid, to which the previously calculated velocity of A IJ' is entirely due; also 
A B' ought strictly to be considered as the line of quiescent Jiuld particles, in which 
sense it will not necessarily be a straight line, as we have hitherto considered it in 
calcnhiting the efifects of centrifugal force on the flnid. It will, therefore, be neces- 
sary to naniine the degree of it^ deviatlun from rectilinearity. 

Suppose the slieU to be at first in the position represented by the dotted line 
(fig. 2.) and tlien to be hroiijilit into that represented by the continuous line, A B, 
coinciding at iirst with A B'. Thtu wliile A B moves through the angle BAB (/3), 
the normal motion (N N") at any point (N) cannot exceed a quantity of the order t^, 
as is easily shown*. Also it is evident that (considering only the velocity due to the 
displacement of the shell) the ratio 

vel. of fluid particle at N 
veL of point B ot the shell 

N N" 

must be a quantity of tbe same order as , I. e. of the order i ; and it is easily seen 

that for any particle in the interior of the flnid the motion cannot exceed a qoanti^ of 
that order. Also the conditimis of symmetry will evidently require that tbe particle 
at A should remain at rest. 

If the spheroidal axis, instead of moving from A B' to A B, move from A B to A 3B, 
tbe same conclusion respecting the ratio of the velocity of any fluid particle to the 
velocity of B will still be true, as is easily seen. 

Let V| be the velocity of B, v that of a particle Q, from the cause we are conddering, 
tbe distance of Q from A being r, and its distance from the axis A B' s f . Since v 

will be of tbe order to^leto^ kt ^ v^, where A is a numerical qnantity, the value of 

which may depend on the position of the particle. Also the velocity of Q from the 
motion of rotation round A B' ss«f. Consequently^ if Q be so situated that these 

* N f must manifestly nmuh with e w ««U M with fi, ud tha ctpmaioa for it miut; tb«refoi«> iavolfe 
««aie power <rf « M a ftetor. 
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vdodtiet are impressed upon it along the same line and iu opposite directuMU, the 
whole velocity of Q will 

and if this = u, Q trill be a point in the line of quiescent pai ticlus. This gives us 

± — — 
r m' a ' 

^ is the angular velocity in space of A B, and is» therefore, of the order • jS, and 

= k (suppose). Consequently, the angular deviation of Q from A 13' ^wliich = 

a quantity extremely small compared with /3. A B' may, therefow^ be considered as a 
straifrht line, to the re(iuired ikj^rce of approximation. Also the anf^'iilar velocity of 
any point in A IV due to the cause lieix" conslflrrfd. is of the ordt'i- s- it may, tliere- 
fore, be neglected in comparison with ttic angular velocity {»» t ^) of A li' previously 
determined (Art 15.)> 

35. We may now proceed to consider the portions of the planes of rotation of dif- 
ferent particles of the fluid when B does not coincide with B'. It has been shown 
(Art. 8. III.) that the instantaneous positions of these planes must approximate more 
or less to paralleliiiui with the tangent plane at B'. This approximation, however, 
may be diflerent for different fluid particles, iu which case it will manifestly be most 
accnrate for partides nearest lo B' and if, and less so for those nearer the plane of 
the equator. In considering, therefore^ the degree of q>proximati4m it may be con- 
venient to refer to a mcmi plane of rotation, or an imaginary plane whose inclinaticm 
is tin- iuf'an of the inclinations of all the planes of rotation of (lifft rcnt particles. 

As li moves about B' the tangent plane at B' will move from one position to auother, 
revohing about its ultimate intersection with the consecutive position, as an axis of 
instantaneous rotation, with a cert^n angular velodty. If B moved uniformly roond 
B' (as woold be the case if the motion were due enttnly to the centrifogal force on 
the fluid (Art. 30.)), the angular velocity of the tangent plane would be uniform ; and 
since the motion of the flnid would then be steady, the angular motion of tlio planes 
of rotation would also be uniform, and the angle thus described in a unit of time by 
the mean plane of rotation might be taken as a measure of the whole coagiraimng 
fam (arinng from the reaction of the solid shell on the fluid) which produces this 
particular motion. In the actual case the motion of B will not be uniform; but since 
the variation of its motion will be extremely slow, the propositions just enunciated 
will still be approximately true for any comparatively limited period, and we may 
Still take as a measure of the instantaneous constraining J'orce, the angle actually de- 
scribed by the mean plane of rotation, in the manner above explained, in a unit of 



I 
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Now if A B should more from A B' through an angle it is easy to show that the 
tangent plane at B' muit move through an angle of the order f /3 ; and it is easily 
seen likeviae that if A B move in any other direction, as from A B to A S tbrongh 
an angle |3^, the angle moved through by the tangent plane at B' will be of the order 
« §1, In every cas^ therefore, 

ang. Tel. of the tang, plane s^U t . aog. vel. of A B 

= k^^ 

where k is some finite numciiLiil quantity. Consequently, since the angle described 
by tlie mean plane of rotation in a unit of (line cannot be greater than this, that 
angle, and therefore the instantaneous constraining J'orc€t must be uf the order ^. 

36. Let ns now condder the relation between the conttnmmg force and the angle 
which the instantaneous mean plane of rotation makes with the instantaneous tangent 
plane at B'. Let < denote, as heretofore, the angle between the tangent plane and a 
plane perpentlicular to A B', / tliat between the tangent plane ami tlie mean plane. 
Now instead of ttie shell moving on continuously, let us eonceive its motion to cease 
at any instant, und consider its action, when thus at rest, on the tluid mass. If we 
take a fluid particle near to B' and in contact widi the snr&ee, B' may be considered 
as the centre of Its rotatory motion, provided its distance from that pt^nt be not less 
than a quantity of the order < |3 (since the angular displacement of B' cannot exceed 
a quantity <>f the order i- 3). Consequently, if the motion of the plane should cease 
at any instant, a« above supposed, it is niantfest that the plane of motion of tins par- 
ticle must be immediately constrained to coincide with the tangent piaue at B', i. e. 
the constraining force upon it must have been such as to change its pUme of motion 
thnwgh an angle of the order / in a very short apace of time. If we take a particle 
in contact with the surface, rather more remote from B', the same conclusion must 
be approximately true, though a somewhat greater time may be necessary to produce 
an equal change in the |)o«ition of it* [ilruie of rotation. And similarly if we take a 
|>aiticle in conUict with the shell at any }>oint, for instance, between B' and N', the 
reaction of the surfhce must produce a iriroiiar effiset on its i^ane of rotation s and 
moreover, it is easily seen that if the shell be snj^iosed to remain thus at rest far a 
whole revolution, for example, the effect produced in that time must bt of the same 
order of magnitude as that for particles near to B'. Precisely the same effects must 
take place about // and between b and L', whence it will necessarily follow that 
similar effects and uf the same order of magnitude must be produced on the planes 
of motion of the partieles constituting the interior part of the fluid intermediate to 
the portions N' a' and L' f of the surfrce. Similar efltets must also be produced on 
the portion of the fluid exterior to that just specified, though these effects may de- 
crease in magnitude as the particles are >iituatcd nearer to C and c. 

Hpticc then it follows that (takiu;;, toi- the greater distinctness, one day for the unit 
of luncj if B, and therefore the tangent plane at B', were to remain at rest for a unit 
of time^ the conttrmmiig^tree, estimated as above described, arising from the reaetioB 
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of the shell on the fluid, would be such as to cau^e the mean plane of rotation to move 
through an angle of the wune order of magnitade aa tlie ingta nt aaeoaa angle between 
that plane and the tangent plane at i. e. of the order /. But it is evident that if 

the tangent plane at B', instead of remaining at rest, aa we have here conceived it to 
do, have its actual rnotion /ram the instantaneous mean plane, tlif wliolc cffoct in 
one day on the plane of rotatiuu of a particle near to B' or h' must be greater than if 
the sui tacc had remained at rest ; and the same conclusion must also be true for par- 
tielea move lenote ftom B' or if. Comeqaently the angle through which the mean 
plane of rotation moves in one nnit of time, must, <k for^arij in the actual motion be 
of the same order as /, i. e, tlie consfrdhnng force, estimated by this angle, must be of 
the ortler Uut it hjis been already shown (Art. f^5.) that this force must be of the 
order f [i. Conscqnently / mnst be of the onii r s- 3 ; or, since < = 2 e .3 '^'^^ single 
between the mean plane of rotation and the tangent plane at B' is a small quantity of 
a higher order than i, which proves the truth of our assamption, in the previous in- 
vestigations, of the coincidence of these planes to the required degree of approxinuu 
tion. 

3". Wc have hitherto considered B to move while B' remains at rest; let us now 
consider IV to move while B remains at rest. Suppose A B' to move thrmij^h an 
angle p' in its motion in space which has been previously investigated, B' then coming 
to S'. If the shdl were s^rical, the angle between the tangent planes at B' and V 
respectively would ss |9', and in the spheroid the angle between these planes can differ 
from /3' only by a quantity of the order t /3'. Consequently, in order timt the mean 
plane of rotation should be always parallel to the tangent plane at the extremity of 
the axis of rotation of the fluid, it mnst move tiiroiig^h an anemic of the same order as 
that (/3') described by that axis ; whereas when A B moves through an angle ji', the 
corresponding angular motion of the mean plane of rotation is (as we have shown) 
only of the order c We must examine bow this angular motion of the mean plane 
is produced when A B' is in motion. 

While the axis of instantaneous rotation in a rigid body changes its position in the. 
body, the instantaneous planes of rotatory motion necessarily retain their perpendicu- 
larity to it, and therefore the angular motion of those pluucb ii> equal to liiat of the 
axis. Now we have shown (Art. 15.) that the change in the position of A B' is pro- 
duced in a manner exactly similar to that in a solid body, so that the same cause 
prodttces simultaneondy the angular motion of A B', and an equal angular motion of 
the planes of rotation ; whence it is easily seen that the mean plane of rotatory motion 
when the axis has moved toB', cannot, on this account alone, deviate from parallelism 
Mitli the tangent plane at B' by a quantity greater than of the order { /3'. Conse- 
quently the additional aitgular velocity of the mean plane of motion necessary to pre- 
serve it in parallelism with the tangent plane cannot exceed a quantity of the order 

• . ang. vti. of 'A B', 



Digitized by Google 



MR. HOPKINS'S RESEARCHES IN' PHYSICAL GEOLOGY. 423 

Tbis additional angular velocity must be produced by the constraining /one as pre- 
viously described. Tfre force, therefore, in this case, as well as in the one previously 
considered, must be of the order /3 ; whence it also follows, as before, that the angle 
between the instantaneous mean plane and the tangent plane at the extremity of the 
axis <if rotatory motion of tlie fluid innst be of the order ^ ^, a quantity to be neg- 
lected itt comparison with i. 

Also, since / is small compared with / in each of the above cases considered inde> 
pendently. it v, ill be likewise true when the two causes art siinnltancouslj', i. e. in 
the actual motion of B and B' about each other. Hence all our previous results will 
lie trne to the required degree of approximation. 

The following then are the results at winch we have arrived, sapposiag the earth 
to consist of a homogeneoas spheroi<kd shell (the elUpticlties of the outer and inner 
surfaces being the same) filled with a fluid mass of the same uniibrm density as the 
shell. 

I. The precession will bo the same, whatever be the thickness of the shell, as if the 
whole earth were hon>ogeneoui> and solid. 

II. The lunar nutation wiH be the same as for the homogeneous spherdd to such 
a degree of apinmtimation that the difference is inappreeiable to observation. 

III. The solar nutation will be sensibly the same as for the homogeneous spheroid, 
unless the thickness of the shell be very nearly of ;i certain value, something' less than 
one-fourth of the earth's radius, in which case this nutation might become much 
greater than fur the solid spheroid. 

IV. In addition to the above motions of precession and nutation, the pole of the 
earth would have a smaU circular motion, depending «itirely on the int^el fluidity. 
The radius of the circle thus described would be greatest when the tliickness of the 
shell should be least; but the inequality thus produced would not for the smallest 
thickness of the shell exceed a quantity of the same order as the solar nutation ; and 
fur any but the most inconsiderable thickness of the shell would be entirely inappre> 
ciable to observation. 

In my next communication I propose to consider the case in which both the Stdld 
shell and the inclosed fluid mass are of variable density. 

W. HbncfNS. 

Cambriilgef 
NotfoiAer 19, 18S8. 
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XXI. Dna^lkn ^ a l^fd^«fm«MMaffe AoroMiope. % John Taoius Coofrr, JBh;. 
OMMRMucff t'eif %r William Thomas Bbandb, Jnij., F. ^c. 

■ 

BeeriTCd Juuaiy 38i— Bead Febcnuy SI, 1839. 

Tr IE piinoipli! on which the iustrument I am about to describe is constructed, is, 
that the volume of a given qtiantittf of air loifk'r a constant temperature, is inversely 
as the pressure to which it is subjected ; and tlie means I employ to estimate the change 
of vohime which that quantity of air undergoes, by being sabjeeted to diffisreneft 
presrare caused by a change of elevation, are the determination of the diffierence of 
weiglit which a floating body is capable of sustaining in both situations, 'i'lms, if a 
vessel contnlninn;' a quantity of air and water be floated in water, and there be a com- 
munication Ijc'tween the water in the floating body and that in which it floats, it will 
follow, tbut when such an apparatus is ttubjected tu diminished pressure, the air within 
the float will dilate, and cause a volnme of water eqnal in amount to the dilatation of 
the air to be driren from the float ; and the difference of wdght wbUih the floating 
body will sustain, will be the exact wright of the water expelled : if such an appa- 
ratus is subjected to an increased pressure, the air within it will contract, and con- 
sequently a quantity of water, from that in which it floats, will enter the float, and 
the diminished weight it is capable of sustaining will be the weight of the water 
which has entered the float, in consequence of the diminution of the volnme of the 
air. It Ib by such means, tdth the instrument immediately to be deeeriliedf and by 
the help of a very simple calculation, tliat I propose to determine the diffbrence of 
level between any two places. 

Plate X. tig. 1. represents the floating part, made of thin sheet bmss, the body of 
which (a), in form the frustum of a cone, is nine inches long, two inches in dia- 
meter at one end, and one Inch at the other, and capable of containing about fourteen 
cubic indies. In the centre of tlw widest end, a small stud of brass (A) is hard sol* 
dered, into which a brass wire (c) is screwed, an inch and three-eighths long, and 
about one twenty-fifth or one thirtieth of an inch in diameter: the othrr end of the 
wire is screwed into a brass stud in the middle of the convex side of asfiailow cup {d), 
made also of brass, and as light as possible, so that it will retain its shape, and be 
capable of sustaining a weight of about dgbt hundred or one thousand grains. 

At the lower and smaller end, a projecting rim (e) of brass is soldered, for the pur* 
pose of pouring out a porUonof water from the interior with less risk of spilling; and 
into this end is screwed a brass plug/, which is required to be made of sufficient weight 
to sink the instrument in water witli one hundred or one hundred {wd twenty grains 

3i2 
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in the cup at the up|>er pud, when it contains ten cubic inches of air. To the niiddle 
of the brass wire I afllx a very small quantity (if n-d sralinj^-\rax f^), mcltt'il on it at 
that part, to serve as an index. Throtigli the cfntic of tlie brass plug, a small hole (A), 
about the same diameter as the wire, is to be drilled, which forms u communiuation 
between the water in the inside of the float and tint in which it floats. The reason 
I prefer the form of an inverted frastuin of an acateoone is, tliat the greatest portion 
of the weight being* considerably below the centre of gravity, canseB the instrument 
to floiit with ^^rcater stability, and ulso enables it to carry more weight in tbe cap, 
without inelinini,'' to citlifr side. 

Fig. 2. is a representation of another part of the instrument, which serves as tbe 
case for containing tbe float, without any chance of its Incoming injured, and at the 
same time retains tbe quantity of water necessary to render it buoyant. It oimsists 
of an inner vessel (/) made cf" tlihi sliect c(»pper, nearly of the same form as the float, 
but soini-U'Iiat laigcr in all its dimensions, being two iiiuhc-s and tlirce quarters in 
diameter at top, onr inch and three quarters at boltoni, and eleven inches and a 
half deep; this is surrounded by a cylindrical case (Ar) of tin plate, three inches in 
diameter, and fourteen inches long. About three inches from the upper part of the outer 
case, are four holes (I) three quarters of an inch in diameter, having small hoods (m) 
of tin plate soldered over them, to prevent in a great measure the wind from blowing 
into them. The inner copper vessel is secured to the outer rylitulcr of tin plate by 
soft solflcr; and both are firmly S(jft soldered, wuter-tiu'lit, to a thick circnhu- plate of 
brass {n), in u hicli a circular bole {o) is turned, a little more than two inches in dia- 
raeter,fortbe purposeof readily allowingthefloattopassthroughit. In the inner edge 
of this circular hole a female screw is cut, in order that it may be closed either by a screw 
plug, or by the bottom of tile brass box (/>), which serves to carry the requisite grain 
weights. Across the top passes a piece of titiek iron or brass wire (q), bent into the 
form of a lo«|), answering the ptn j)ose of ii handle foi- cai l i.igc, or for siispeiuling it. 
Fig. 3. represeiiti) tlie elevation and plan of a small spirit lamp (r), requisite, when 
an observation is to be made, to bring the water and the float with the water and air 
it contains always to the same temperature. The lamp is fixed by means of three 
wires (csr) into the middle of a rim of tin plate (/) rather smaller in diameter than the 
outer cylinder, and consequently allowing it easily to slip in, and there to be secured 
by three small studs with bayonet-joints. An open space or interval is left between 
the lamp and outer rim for the free admission of air necessary for the combustion of 
the spirit, three small balls (o) serving as feet, npon which the instrument rests, so 
as to adm^ sufficient air beneath. Fig. 5. represents a vessel of copper or tin plate, 
capable ci containing 2525 grains of distilled or rain water, having, at its open ex- 
tremity, a piece of strong glass tube cemented, upon which a mark {w) is to be made 
with a file or diamond, at the place occupied by the surface of the water M'hen it con- 
tains the above quantity, at tlie temperature of Fahr. 

The mode of adjusting the instrument I have next to describe; it is as follows: 
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having unscrewed the plug /i (fig. I.), Hoat is first to be filled with rain or di- 
stilled Witter, and then as much water is to be poured out as will till the measure 
(Hg. 5.) to the laark on the glass tube: ten cubic inches of water having been thus 
abstracted from the float, the same volume of air will supply its place. If this ope- 
ration be carefully performed, the same quantity of air within two or three hundredths 
of a cubic inch will always be admitted, which may !)e provetl by the instrnincnts 
sustaining nearly the same weight in the cup: the plug may then be screwed into its 
place. 

The next step of the operation is to fill the inner conical vessel (iig. 2.) with nun or 
distilled water, and to bring it, by means of the lamp, to the temperature at which it is 

determined that all the observations are to be made. Presuming that the instrument 
will be principally cmployV-d, for the pnrpuscs intenilod, In the suinnicr serwon, I 
would recommend the adju^tiiient and all observatioDs to he made at tiio teiiipera- 
turc of / j'' or 8if Fahr. llie (loat is next to be placed with its jiiuuiicr extremity 
uppei-moBt into the warmed water, that the air and water which it contains may new 
quire the desired temperature. I may here remark that a thermometer capable of 
showing at least a quarter of a degree on FAHasNHnn's scale ought to accompany the 
instrument Tituler all circnmstance?, when experiments and observations are to b<; 
made. As soon as the float and its ronteiits have acquired the reqnisite heat, fwhieli 
may take from four to five minutes) the finger Is to be placed over the j>muli hole in 
the plug; then quickly withdrawing the Aoal and replacing it inverted in the same 
vessel, it is adjusted for use. 

In order to find thealtitndc by the weii^hts to be applied in the cup, whieh maybe 
considered us its scale, a h>ng scries of exiierinients lias been made, of wiiieh the 
followincris an abstract. The float, atU-r Ijein;^ arljnsted as above deserilted, was placed 
in a cylindrical glass vessel containing water at Jo° FaUR., the lab«)ratory being kept 
at the same temperature during the time occupied by tlie experiments, which was ge- 
nerally from an hour to an boor and a half} and weights were then added to the cup, 
till the instrument was adjusted so that the index on the middle of the wire was c<un- 
cident with the surface of the water. One hundred g^rains were then put into the cup, 
which caused the instrument to &ink to the bottom of tlie glass vessel ; and no more 
water was allowed to be in tlie glass, when the instrument hud so sunk, tiiuii would 
Stand a quarter of an inch above the mark on the wire. The cylindrical ghiss vessdl 
was then placed on the plate ci an air pomp, and a barometer capable of reading 
to the -i^V^r^h of an inch, having a cistern four inches diameter, attached to the smaller 
plate. The barometer wfis first read off and noted; a receiver was then plaeed over 
the vessel « ith the float, and exhaustion slowly niade, until the tioat gradually rose from 
the bottom of the glass vessel, and (he index on the stem coincided with the surface of 
the water. Tlie barometer was then again read off and noted. A small portion of air 
being now let Into the pump by the scraw for that purpose, the float immediately sunk 
to the bottom. Tlie screw, which allowed the admission of air, being made tight, the 
operation was repeated uud this was done a third time if the observations of the baro- 
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meter diflTeied more than tiro or three thousandths of an inch : a mean of the three 
readings was taken for the correct om. The air ww now admitted into the pump, 
and the receiver removed, when the barometer rose to its original devation, nnleis 
any change of atmospheric pressure bad ocenrred during the interval, which was 
seldom the case ; but when it did happen, a mean of the two was taken. The same 
operation was gone tli rough with 200, 300, 400, 500, 600, and 700 grains, the last 
weight being about as much as the instrument would steadily carry on the cup with- 
out showing a tendency to ovecbalanoe. Care was taken to remove fimn the glass 
vessel an eqiuvalent portion of water on the addition of each 100 grains, otherwise it 
wonld have risen so high in the glass as to come in contact with the iwttom of Uie 
brass cup, and thereby have frustrated the experiment. 

Having given a general description of the instrument and mode of adjustmenr, I 
may now refer tu fig. 6, which represents the apparatus in use, and which shows the 
difference of the level of the water in the interior of tlie float, and that which is ex- 
terior to it. Althoogb the instrument contuns tra cubic inclws of air when sub- 
jected only to tlie atmospheric pressure, it will contain somewhat less than that 
quantity, by being pressed upon by a column of water, equal to the diflterenoe of the 
two levels, which is about five or six inches. 

The following Table exhibits a series of experiments made with the air-pump, and 
the altitudes deduced from the barometrical depresrions, calculated according to the 
formula and tables of Mr. Baiut. 
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Assuming the height to l>e of the form A 6 B in which G denotes the number 
of grains in the cup tf, the set of observations (a) gives the following equations : 

A 4> B a* 1063 
SA-f 4B»S183 
SA-H 9B = ai70 
4A-(- 16Bs 4190 

5 A -h 25 B « 5087 

6 A + 30 8 = 6037 

7 A -1-49 Bs 0030; 

whtnee hy thr method of least squares, we readily find A = 1085'27, B = — 13'533. 

Ill thr same luuimer the eoenieieats A, li have likewise been determined from the 
other sets of observations {^), (y), (J), (i), and the loliowing are the results obtained. 
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A. 


B. 


From th« set (•) 1085*37 


- 13*533 


(/3) 1093-39 


- 15-207 


(y) 1086-22 


- 14-1 10 


(1) 1065-33 


— 14-240 


(0 1080-77 


— 12-190 


Means . . 1082-20 


- 13-8u6 



A mean hm also been taken of the itamber of feet corresponding to each 100 grains, 
and from these are found 

A. B. 

]07Cy^>^ —12-687 
hence we have from mean ob^i-vations 

A. B. 
1076-38 -18*687 

Mean of five sets .... 1082-20 — 18'8S6 

Means 1079*29 13*271 

The height is, therefore, expressed by the formula 1079*29 G — 18*271 C « OFiig 
denote the namber of single grains the height is 

h= 1 079-29 ^ — 0013271^2 
= 1 07y29 - -00 1 327 1 g) 

The following' table, showings tlie factor in tlie parenthesis, has been consfructed, 
retaining oidy tlnee pluces of decimals, to the neaiet»t figui-e, which arc all that can 
be required in practice; and It is only necessary to multiply this Ikctor by the 
number of grains, g, to get tlie heiglit» A, In feet. 



'i ABLK I. 



-100 
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100 


10-660 


300 


10-395 


]■"■ 

500 
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As an example of the application of the inatrament to the determination oS the 
height of one station above another, we iirill sappoee that, liaving adjusted the in- 
strument in the manner aliTady cliscnl)od. i( is found that 118 grains are requiretl to 
be placed in the cup, in order to sink the float so tiiat tlie index on the stem shall 
coincide with the surAice of the water, when its temperature is /o' Fahb. Having 
noted these particulars, returned the weights into the Im>x, and screwed it into its 
phice, we then proceed to the other station, the altitude of which is greater. Here the 
water is first hrought, by means of the lamp, to the same temperature, 76*, and then 
weights are put into the cup, until the instrument floats at the same marls; and we 
will suppose it requires 274 grains to effect this : 

then 274 
-118 



In Table I. 150 gives 
In Table II. 6 gives 



which multiplied by . . 



gives . . 1651-416 feet 

for the difference of altitude between the two stations. 

As another fxainplc, suppose that at the firsjt i^tation it requires 1 12 grains to sink 
the instrument to the mark, the temperature being as before 7^°, and we then descend 
into a mine where it requires, at the same temperature, only 48 grains to bring it to 
the same position ; 

then 48 

— 112 

— 64 gnutis, the difference of weights supported : 
this is minus, because the wel^t at the second station is Ices than at the first. 

In Tabic I. — 60 gives 10-873 
In Table II. - 4 gives + 5 

10-878 

which multiplied by . . , . . 64 

43513 
65268 

gives 696,192 feet 

for the depreislon of the second station below the first. 



156 gndns, the difference of weights supported. 



10594 
-8 

10-586 
156 

g:}-516 
j2o:u> 

10586 
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As a last example, I will give the folloiHoj^t wbkk wOl in MMne degree aern to 
shoir tbe ai^lieation of the iiutniineiit to the measarement of oomparatively small 
quantities, and the amount of reUance that may he placed on the observations made 

with it iind also on the formula. 

From the ^^round floor to tlie attics of my Iioukc it requires as nearly as {MMSible 

three grains to be added to the cup to balance tbe instrument. 

If we WW take from Table f. the mtmber answering to 0 10798 

and snbtract Heom it the number answering to 9 in Table II 4 

10789 

multiply by the diffisrenoe of wdghts 8 

tbe product ipves tbe height = 83*807 ftct 

iriiereas by actual measnrement it is 81 feet. 

The delicacy and sensibility of the instrument are, however, such, that if it be very 
nicely adjusted to a tenth of a grain, it will readily show a difference of elevation of 
three or four feet. 
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SMond Postscript. Process by which the primitive ovum undcrgOM division and subdivisioii— 
probable analogy iu this respect between the mammiferous ovum nnd the ovum of batrachiaa 
neptUesand certain fishes—the so-called "yelk-ball" in the mammiferous ovum, compared 
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trifugal force, Uid> i Fornutioii of the dUSHnentbl eqiMfUuM for the motion <^ V, or of die 

axis of instantaneous rotation of the interior fluid, 30-1; int(?5,'ration of tlic differential equa- 
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Magnetitm, theory of induced, 177 ; combination ot induced, witii permanent, iSd; application of 
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appearances of the, 346; anomalous ova, iVM ; method of obtaining the minutest in the uterus 
and Falloiuan tube, and of preserving while under examination, 365 ; process by which the 
prindlive ovoaa unde^oea diviaion and anb^viaion, 66T $ probable analogy in Aia reapeet 
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II. Theories of Sir Lauder Dick and Dr. Macculioch considered, 45 ; III. Proofw of the re- 
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treat of a body of water from tbe aanlral porta of Scotland, and that dtta water waa diat of 

the sea, i-B; IV. Proofs from organic remains of a ctuinge of level between the land and the 
•ca in Scotland ; the effects of elevation traced in hypothesis, 5() ; V. Objections to the theory 
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dUatrictof I«OChaber, and recapitulation, 64; VII. On the erratic boulders of Lochaber, U8; 
VnL On tlw amall amount of alluvial action since the formation of tbe shelves, 72 ; IX. On 
tbe ^iriaoirtality of the ahetves, and on H%e equable action of tfie elevatory forces, 76 ; X . Spe- 
culaifiona on tbe action of the elevatory forces, and conclusion, 78. 

Pbkmy (FRKnRRic, Esq.). On the application of the c ti . c t ion of the chlorates and nitrates into 
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aeum reein, sNdL; V. Aeuroid ttmktSSSL 
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parallax correction of the height of low water at Plymouth, 155; 4. The declination Cor> 
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tiont mado in the Indian mm, 168. 
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Ciinbridge FUloeophlcel Soeteiy. 1Vatinetioiii»Vd. VI. Rut IIL Mo. ZeMl TheSo«^. 

1838. 
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Put L Mo. Loni. 18991 
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. Tnuuactioiu (Second Series), VoL V. i^irt ■ 

1. 4to. Lomd. less. 

Iiutitution of Civil Engineers. Atimial Rfpiirt f<ir lfi;?9. Svd. TJic Iiistltutioo. 

— ^— ^— — — — Transactiuus, VoL II. and Vol.III. Part I. 
8«M]r. TniMH!tioiii,VaLXVUI.FlwtL 4to. £«Ntf.18S& 



Roval Asiatic Society of Gmt Britain ind Iithnd. Jounalf No. 9^ llvo. 

Loiid. 1838. 

Procecduigi of tbo Committee of Comneree mtd 

Agricnltorb 8vob Land, 1838. 
Royal AitroDomiod Society. Memoirs, Vol. X. 4to. Lemd. 183A> 
Royal G<!Ograpbi«:al Society, .louruai, Vol.VUI.FurliIl.tndIIl,«lHl VoL 

IX. Part L Svo. ZrfMui 1838-39. 
Royal Medical and dunir^ieal Sadetf . IVuuaetioaa of, VoL XXI. Bfo. 

luMd. 183S. 

Kojral Society of Literature. Tnuuactioiu, VoL IIL Part U.4to. Zontf. 1839. 
Society of Arte, 'nunetioga, Yd. LII. Part L Svo. LamL im 
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Academic Imperialcdcs St ii ai t s. (6°**S6rie.) Mcmoires: Scii im s Matlii- 
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Liv. 4 «t 5. Scu-ncts Politi<]Uf-'!, Histnirp, Philologir. Totnr TV. Liv. 3. 
Pare diver* Savauis, Tuuie IJL Liv. 3 — ii. \U>. St. Petrnimurf/ I 
Fhilidelplua :— 

American Philosophical Society. TlUMOtioai^ VoL Vi. Part* I. and II. 

ito. Philadelphia 1838-39. 
PRweedisi^ No. 1—6. St* MUaM- 

pltia 1H39. 

fk. John's, Antigua. — ProcMiBngfl rebtive to the Fbnnation of d« * Union 

>■ icii tv," St. Jiilin's, Aritltrua. Svo. Aii/ir/urt "[fi^S- 

hiockholm. — Roj-al Acackmj'of. Haudliogar (br&r 183G. 8vo. StaeAAolmib^. 
INniik—RtaleAoedknikddleSdcaw. HciBoira»VoLXI.4lo. 7Mii»lllS& 
Wcmprian Xatunil History Soele^. McnoiiB of, for the jean 16!II-S7» 
Vol. VU. &VO. EdiMb, 1838. 
AKERMAN (J. Y.) Catalogue d une putie de 1* eoOeetloo de MCdtJUet dn 

Cheiwlierde Horta. 8va. fjond. imo. 
— — Further Observatiuus on the Coinage of the Ancient 

Britooa. 4(0. Lend. 1«S9. 
ALMAKAC& 
Th« American Afananae for 1899. BvOb JBMmi. 

Tnivaudrum Astrooomical Ephemera for 1838. 8to. J\repandnm 1838. 
ANONYMOUS. 

Abstract of the Massachusetts School Ucturns, for 1837. 8vo. Jiotton 1838. 
Anatooiical Drawings elected from the Collection of Morbid Anatomy in the 
Amqr Medical MiiBaitm at ChadunBtThivd Faadealob Folfo. XomL 18S8. 

C'utaloguc, descriptive antl jlluAtratcd, of tLt Physiological Series of Compa- 
rative Anatomy contained iu the Museum of thclloyol College of SaigCOOi 
in LondoiH Vol. IV. Otgana of Geaentioo. 4to. Loud. 1S98. 

Catalogue of Oe Colkethn «f Bbanalk aad Bhdi ta At Miiacwn of Hw 
Amjr Medical DepaitOMBt, at Fort Fbt, Chaihui. Sro. CMhan 188& 

Caialogoeof flie PcDowa. Caadidala, and Lieeatiatea, of the Soyal College of 

I'hyaicians, London. 8vo. Lond, IS^S. 
Cataiogite of the Spceimcua of Natural History and MiMellaueous Curiosities 

depoHted in the AttstraKan Museum. 8ro. Sydnty 1837. 
ComnitinicjitioTi from tli>' (inrcmnr nf New York, rrlativo to the Qeologioal 

Suret y ol" tbi; Stat-.-, 2 Part*. 8vo. Nem York 1837 and I83». 
Compte de rAdministratioadab JoatioeCivae MlBdgiqaepeadaBt MSft-SS^ 

4to. i?nui(lletl837. 
Description of*Dn.«B Model (No. 1 13) propoaed for the Monomeat iateadad 

to be erected ia TraMgar Sqaai* to the Minaaiy of Loid NeJaoa. 9wo> JMU 

I8S9L 

DieBonnalra dea Homaiea de Letfrea, de* Savana. et dea Artlalea de to Bdgli)ue. 

.Svr>. IhiireUfii 1 «37. 

Hicroglyphicks on the Coffin of Myccrinua foood in tJie Tliird Pyramid of 

Glaeh» Angvat 1897. 
List of Additiun<i made to the CelleeMoM ia the Britiab Mwifiim io flie year 

1835. Svo. Lond, 1839. 
Maaioria iatorao ad alcunc o«»«rvazioai fttte alia qwoala del Collegia 

v^A eomirte anno 1838. ItOk Jfoana. 
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MeteoNkgkai Table ftom tbe Reguter heft at KinikiuM CmOb, North 
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Xcuvi^me Lcttre Costnologique de I'Equation de Temp*, ito. 

ObMrvatkna ABtraooiniques hilta i rObMmtoiie Eapl de Fans ; .public 

parleBnnandeLoBgttHdaiSVob. Folio. Awit 1825 aad 189& 
Obaen atioai on Rouao Coia Mould* dbeoreied in Eoglniil and Fiaaoek Bro, 

LomdoK 1839. 

KcfMuto of a Comnittee Ibir Invertlgiiting the Coal and Minoal icSiMrwe of 

India. Rvn. CakiiUa 1838. 
Strictureit uu ^Vuti-Phreuology. 8vo. Land. 18S8. 

Table* of Logarithnui (under the Superintendence of Ao Society fbrlbe Dlf^ 

fusion of Useful Knowledge). 12mo. LoMd. 1839. 
The Statutes of Queen Elizabeth far the University of Cambridge. (12th Eliz. 

A.n. 1,570.) 8vo. Lond. 1838. 
AVOGADUO (A.) Fince de' Coipi Pondenbili Oioa Tiattato delb Coatitn* 

sione gencmde d«'CorpL Sva TtHM 18S7< 
BABTHOLOMKW ( A.) Hmta idatiTo to the eoutnetMMi ef fiMinoor 

Buildings. Land. 183a 
BATEMAN <J.) The Ordddaee«orM«3deo and GwleiBala. FoHo. Phrt III. 

Loud, 1839. 

BEAMISH (R.) Popular inatructiom on the Calculation of Probebilitiea. 
TnndatadfroaiidMFMMhof A.Qa«laH«itihNoCM. Iftm. ZemL 1888. 

BBCHE ( 1 1. T. do la. ) R rport on the OedoBr oT CMmiall, Devon, and West 

SomcrKt. bvu. Land. IH^'J. 

BELPAIIIE (— ) et QUETELET (A.) Rapport mir \e* Observations dca 
Mar6cs fiutes en 1835, en diScrens point* des Cotes de Belgique. 4to. 
lirujflUi 1838. ( Two eopUt.) 

BERZEUUS (J.) Aitberiittebeoin fitaoMtcgen i Fjraikocb Kcmi. 8«o. <Stocik- 
Mm 1896. 

BESSEL (F. W.) und B(EYER. Gradmwsung in Cat Preus-scn und ihre Ver- 
btttdung mit PreoMiicben und Ruasischea Dr ei e c l n k e ttca. ito. BerlM 
18S8. 

BIGELOW (J. p.) Statistical TaMcs, cxliiU-tin- thr ; , •, I tim and product* 
of certain branches of Induitry in Maa6acliui>ett«, fur lti^7. 8va. BotUm 
1888. 

BOEHM (L.) Die kianke DaiwwcMeiMhant In dar AatatbebcB Choleia. 8vo. 

BerUn 1839. 

BOUGAINVILLE (Baron de.) Jouiul de la NnrigBllOB aatour da Globe, 

Tomes L etU. 4to. Furii 18S7. 
JoufMl deb Navigation autmir da Globe de 

la Frigate la Thetis et de la Corvette rEapfaonoe pendant lea aiuto 18S«- 

90. Folio. Pttrit. 

BRESCHET (G.) et GLUGE (_) Qulqaea Reeherehea anr k Stroeture 
do" MLinbraii(?i! de I CBuf des Mamniieies. 8to. Pbrti 18S7. (Kxtnutdee 
Annales dca Scieaees NatureUea.) 

BRESCHET (6.) Beeheichea Anatomiqaeaet FhyaiolegfaineBBar I'Oigane de 

rOuif Poissoii.'i. Ity. Puns IS^S. 
BRIEKE ( lie.) i;clau-ei»,«menU »ur la lAi.-itination de trois Zodiaques 

Antique*. 4to. Parit 1839. 
BROUGHAM (H. Lord.) OiiaertationaoB anl^eeta of Sdcnoe oonnected with 
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Presekts. 

Natmd TbeoUigy: htAnf tibe coodading Tdune* of the new edMoa of 

Palcy's work, 2 Vols. I?mr,. Lon'l.^f^^9. 
BUCKE (C) A Letter intLndcd (one day) as a Supplement to Lockkort'a Life 

of Sir Wther Scotu Svo. Loud. 1888. 
nuCKNELL (W.) TlieEealfloUoBt aTimtbeon Artiflddlnailwlka. 8*0. 

Lotui. 1&39. 

BUSCH ( — ) Kpduction of the Observations made by Bradley at Kew and 
WutlcMl to detennim tlw qsaiititiei of Abamtian ud NutatiaB. 4to. Oat* 
ybnflBSS. 

CAMPBELL {H. D.) A.ldrt-s»o*, Pi thions, Jvr. from the Kings and Chief* of 
Sadaa (Africa) to Hit late Miyeaty Kiog William tke JVtli. Svo. Lomt. 

issa 

CARLIST.E (A.) njikioigkaOlmnMomvfmGiuaa^ 9n. 

Lomi. 1838. 

CARPENTER (W. B.) nriaeiplw of GoMml umI CooqMmtho nyiMogjr. 

8t«. Lond. 1H39. 

CHALLLS (J.) Aslrouoiuiejil OWrvatiuiis made at the Observatorj' of Cam- 
bridge, VoL X. 4to. Cambridgt lftS9. 

CUA&LESWORTH (£.) Matanl HHtoqr Ilfantnrtioni. No. 1. 8vo. Lutd. 
18S9. 

CHAZALI.ON (A. M. H.^ AnnaundsMwtedaCaiH do Fkuei^ ponr 

1839^ 12mo. Paru 1839. 
CHESELDEN (W.) As Appeodis to tbo Fani«k EdMoa «f tho AuMonqr of 

tlif Muinaii Bo'ly. (Fran the Bdia. Mod. aad Stag, Jwumif N» ISSk) 

Svo. Edinb. 1836. 

ClVtALE (— ) PludUle dei diven nofam do tniter los Cdooleni. 9fo. 

Pari* 1836. 

■ Traits de rAlfcctiou Catculeus.f, suivi d'lm Ei+!sai dc Statistique 

sur cettc Maladie. 8to. Paru 1838. 
CLARKE (Dr.) Addrea* to the Mcaben ^tho BerwiduUre Notonliita' Clob^ 

ddiverad at Ford. Sept. 19. 1898. 8to. Ftmf 1888. 
COOPER (U.) Catalogue of the nrUisli Natural Orders btuI Cciu ni of Plants, 

•ceording to the tptiem of DeCoadollc, as well at the Linueau Cbuaes and 

Oidef*. A ihMt 

I'RONSTUAND (S. A.) Arsb< ratt.-lde i AstronDniieii. 8vu. S(ocftfu)Jm 1836. 
CUNNINGHAM (W.) A Synopaia of Chronology ln>m the Era of Creation 

to the jear 1887. Svo. Lmd. 1897. 
i Hm CbfOMkg7 of bncl and tha Jewa. Svob 
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Tha 



and Hobeeir Chtonolo^M 
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Lofui. 1838. 

D ANIELL (J. F.) An Intfodnelioh to the Study of Chemical PhihMophy. 8vo. 

Land. 1839. 

OAUBENY (C) Reply to Profetaor UtschoTa Olyections to the Chemical 
Tbeorjr of Veleanoee. (From the Bdtoboigh Vkw Philosophical Joamal.) 

Svo. IRIS. 

D.'VUisiiY (— )• Table dcs Positions G£ogiaphiques des priucipaux lieox du 

GMie. (Fram tho CoRBdmaco dee Tcno do 18«1.) 8to. Pmit 18Sa 
DAV\' a.) Oh<,cTf«lioBa OB Ibe Flaid in tha Vcaenia SeadaalMor Han. 8*0. 

I^nd. 1H37. 

DE IIERR (P. O. C. V.) ThCorie dc U T£l(graphie J^:iectrique, avec la D6- 
iciiption d'on oouTcaa T&tgnfbt fimdt mut Ice Actiooa FhyaioliogiqiMi 
der^betrioNfi. 8to. DhmrtBr 18S9k 
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Pbeshsts. 

D^MIDOFF (A. de) Voyage duu h Rmie MMSknit et k Criitf^e. Uv. 
I^XL 8va. Airit 1839. 

■ ■ — ■ PUUs, Part I. Folio. Pari* 1S39. 

DEMONVILLE ( .) R€niDi6 da li Hijriqm d» h CilKliiNk 8?0i. Arib 



Donors. 
Tlw Andwr. 



DE 8ELLON ( Conite) NoDvettux Mflmgc* Politu|aet, Monu!i. et Utt^raini. 

No. 3. Kvo. Genere 1838. 
DILLW YN (L. W.) Review of the fterereoees to tbe Hortw MaUbarkw of 

Hennr mii Rheede twi DtMkeMtein. Svok Swmm 1B98. 
EHRrVKEnc (D. r. O.) n;.- Tv.ruMnrr-thieidieadiyalDuniUBCfleOiBub- 

iiH'ii. With At]a». Folio. Ltipsiy 18S8. 
ELLIOTT (C. B.) Thiveb ia the three gmt Empire* of Aurtrta, Riaiit, end 

Turkey. 2 Vol». 8vo. Lonrt. 
ELLIOTSGN (J.) Letter to the Gentlemen who compoactl Dr. ElliotDou's late 

Ctaas of the Phwtte of Mcdtdm, hi Uatveniqr CoU^ A ihect Lami, 

J899. 

ENCKE (J.F.) BeHinerAMrowmiiacbeiJahrbaeh fur 1840. Svo. JSMm 1838. 

F.\UADAY (M.) Experimental Researches in Elcrtricitv. h\o. Land. 1839. 
FAUQLiH AUSON (J.) A New UiutnOion of the latter part of Duiei'a lart 
Viiion and Frophecr. 8vo. l/mA. 18S8. 

FITTON (\\. H.) ()l.s,.rv.iti<in* 1.11 -niTif of Itii' Strata I>.'t\>( cn thoChalk«d 

Oxford Oolite in the South-east of England. 4to. Ijand. 1836. 
FLOUKENS ( .) £b«e Hiaioflqiie d'AatoiM LmmM de JoMieii. 4to. 

Parit 183a 

pOiiiiKS (J. W.) On the Colour of 8uam under « rlaju cirtum»tanc«!i, and 

on the Olourn of the Atmosphere. (From the TransaieliOM of dia Rdjyal 

Society ol i:<linl}uif;b. Vol. XIV.) 4to. E^mb. 1839. 
FOR.'H'Eli (T.) Pbilmoia ; or, Mon] RcHeetiow OB tbe Aetual Condttioo of 

the Aiiiiual Kingdom, ^^o. I>rii.tscl* 1839. 
POSCAUIM (J. V.) KagguagU »uUa vite e aoUe opere di Marin Sanuto detto 

it Janior*. S Vols. Svo. Vtntzia 1887. 
FRIES (i;. r. ) AisIh rattilaer fan Njara Zodlogitl» ariielan oah UffptiddOk 

8vo. SfocUtoim 1837. 
FRODSHAM (W. J.) RemiHe of EapetineBti on OB VitnaUbiM ot Fted«> 

!um> Mtth f!iff>T-r.t Hii«prrit'ir;p Sprinp':. Ifo. /.omL 1839. 
CALLOWAY (T.> A J ri:i:>f on I'mli.iliility. I'imo. Edinb. 1839. 
(tAUSS (C. 1'.) Ailpcnsciiif Theoric des Erdmagnetismtis. 8vo. 
GLYNN (J.) Report on the Drainage of Leven, Underlwnow, and Helaiog- 

too. 8m XeniM 1898. 
GODWIN, Jiin. (C.) Aa Appod to tbe Publle on Ibe eal^ of Raitimjt> 

Svo. Lmtd. 1837. 

ATUndarCbroBologtetlBpHomeof tbeHIitoryof 

Arehilectiin- in Englund. A Canl. 

' — — Hints on Cooatruction. (Frou the Architectural 

Bifagflxinet VoL V.) Svo. 

^— — On flic Ohrli>;k of I.ii\or rf r.'nflv erected In Fluii. 
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Plriie Em7 upon tha Malun and Fkopertie* of Con- 



crete. 4 to. Land, 



Th« Avthor. 
Tlie Andrar. 
The Anthor. 
TIm Author. 
The Author, 
'i he Author. 

The Anfhor. 

The Author. 
The Anthor. 

The AuAor. 

The Author. 

The Author. 

Th« Antlior. 

The Anthor. 

The Svediah Aeadonjr. 

Hie Anther. 

The Autlior. 
The Author. 
The Author. 

The Aiilhar. 



■ The ChMfphes of LondoiL Vol. I. 8vo. /.otid, 1838. 

The Churche« of London : a History and D^i^rription 

of the Eccksiaatical Ldificca of the Metropola. 8to. LomL Noa. 16— S8. 
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PtlKBKWTB* DOS'OKS. 

GOODHUGIl (W.) Motives to the Study of BiUiori UMMtan, ill A Mine The Aiitbor. 

of IntraduetoiT Leotutei. bm. Lond. 189% 
GORDON {—^ 'Acoonnt of Two Viriti to the Anopma or Highlands ebovv The Aodnnr. 

Thennopylse, made in Jmif mul July 1S3T. li'mo. Aihcnx lS3fl. 
GU AHAM (J. O.) Report upon the Military ami Hydrographical Chart of the VroS. A. W. IkcJie. 

extremitj of Cepe Cod, Acn with their Sai-eoeiti and Ship Hertnr. Folia 
CiltAHAM (T.) EleracnU of Chrriii^trj-. Parts I. and II. 8vo. I^md. 1838. The Asitlior. 
GK.ANVILLK (A. B.) .Medical Kcforni; being the First Annual Oratioii, The British Medical Asso- 

instituted by the British Medioel AMOcietioo. 8vo. Land. 1838. datton. 
(tROOMBRID(iE (S.) A Catalogue of Circumpolar Stam; edited by George The Lonb CommisuOtten 

Biddell Airj-, Esq., A.It., printeil at the ]>ublic expense. 4lo. Land. 1838. of the Admiralty. 
GRUYEIl (L. A.) Examen Critique d'un M^moira de M> P. Leron utilnU: The Anthor. 

Du Uoohenr. 8to> (neither place nor date.) 
GUEST (E.) A HiMory of English Rhythmai S Vofai Svo. tend. 18SSL Tlw Author. 
H AI.L (M.) Extract from a Lec ture on the Nervous Sys^t. m. Svo. Lond. |h;39. The Author. 
HALUWEJLL (J. O.) Rara Matkmiaiea ; or, a Collection of Treatises on The Editor. 

the VtaOKwiHSieM and snbjectt comMcted with Htm, ftonn eaelent inedited 

Manuscript*. Svo. Loud. 1 Rf!J7. 
Tvo £«aays. 1. An Inquiry into the Nature of the llie Author. 

Nnnerical CoetruthiM. II. Notee «» Beily. Cdeoden. Snd edh. 8?o. 

Land. 1839. 

HAMILTON (W. It.) Addrcs* to the Royal Geograpliic«l Society of Lon- The Royal Geugraphii-al 
don: delivered in May 1838. 8vo. Land. 1838. Society. 

HAMMER (J. voB.) Ober die Lindenrerwaltui^ unter don Chali&te. 8m. llie Author. 
J9Mtii.l6S5. 

HANDY (r.) Vae. Doctrine of Siiuj^ e^ CoHpogod Intaert» AatraitiHb The Author. ' 

and Kevenioas. Svo. Loud. 1839. 
HARRIS (Capit W. C.) Kanative of an Expedition faito Southern Aftlea, The Author. 

rlunin: t!ie \ear* lSf?R 18:?T. Svo. BcmM'i 1838. 
HEDGCOCK (T.) MuUum iu I'arvo; a new work on Astronomy, the Mag- The .Author. 

net, Udea, *«. Snd edit. Svo. hmdL 1899. 
HENDEH.'^ON (T.) A«tronominal Obscrvattnns made It tbe Ro^ Ohaai^ Her M^jcttj'a Govenwwnb 

val'>rv, ICiiiiiUiugli. \ ol. II. Ito. l^diitb. 18:]9. 
HER.SCH i'.L (Sir J. F. W.) Report of the Meteorological Committee of the The Aathor. 
South Afiican Liteiaij and Fhitow^hkal loatittttioii. 8v«, Ggw Towm 
1836. 

R<>|)ort of the Meteorological Coinmittci' of tlu; 

South African Litem; and Pbiloaophkal inslttatioo. (Part L) Read July 
17, 18S7. 

HITCIl(T)rK (E.) Report on a RcMixauunelioii of the Beownmieal Geobgy Edward Eventt, Em). 

of Massachusetts. 8to. Boston 1838. 
HOEVEN (J. van der) Recherdua w lliirtoire Natmdle ek I'Analaaiie dee The Anthor. 

Limiilr '. AtLeyde. 1838. 
IIOLL.VND (H.) Medical Notes and Reflections. »vo. LoiuL 1839. I he Author. 

H I M i: It ( A.) The Walen of Hamgale and ito ncinitj. 5th edit. l£nw. The Andor. 

Lwnd. 1838. 

INNES (G.) Meteorological Oboen ations made at Aberdeen, for 1838. Sro. The Author. 
Abtrdctn 1838. 

Tide Tables for I8S9. 12mo. Mtrdm, 

JACOBI (C. G. J.) Canon Arithmetieua tlve tabube quibro exhibentur pro The Author. 

singulis numcris jiriniis vel jiriii:iu>;m iioir^atibui infm KV) nuiueri ad 
datm inUices ct indices ad daUu nunieros pcrtinente«. 4to. Jicivlini 183^. 
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JACOBI (C. G. J.) Fundnimite mm tiMorte finMtioaimi cD^euun. 4«a 

Regiomonti 1829. 

JEFI-'ER Y (J. D.) An Essaj on (lie Fiwwieim of Stmll Fm «iid the Evik 

or Inoculation. 8vo. Loud. IS'lS. 
JEUV'IS (Capt. T. B.) Tin' Ex|)<-ilii iioy ai)(l Fucililv of establishing the Me- 

trological and Monetarv :<\ »t('iii» tlirtjuu'himt India. 8vo. Bombay I8S4. 
JOHNSTON (J. F. W.) Meeting of tJie Biituh AiNCMtion at Newcartle. 

Ri>port oftlu Local SecretariH. Sto. Ihmaiik 1SS9> 
— — — On the Prwieut State of «ur Knowladga in ngMd to 

Dimorphous Bodies. 8vo. Luid. 18S8. 

The Ecmiomy ofa CoatMd. 8vo. Dartam 1898. 

JONFS (T. \v.) Thr Orpi.i <,f ir,.ar-niK. (PfMi the Crdoptdia oT Amtouf 

and I'lijsiology.) 8vo. Lond. 1838. 
JOURNALS. 

Aimalcs dcii Mitiw. Tom. XIII. rt XIV. Kvr.. Avmv 1^38-39. 

Annals of Electricity, Magnetism, and C'hcmutry ; and Guardian of Cxperi- 

mental Sdcoeti eondueled bj Wniiani Stuigeon, Nos. IS— 18. 8vo. Lmi. 

1898-39. 

Athenitutn Jounial, from June to December 1838, and January to June 1839. 

4tO. I^nd. 1838-39. 
Fofrifu Monthly Review and Continental Literaiy Journal, No. 1. 8ro. 

Lmd. 1839. 

Giomale per servire ai progres-M ilella patologia e clella t«rapcalka. Svo. 

Tom. IX. fascic. 26 uul 27. Two vols. 8vo. Liglio 1898. 
Journal of the FhmkUn Intittttei edited by Thomas P. Jones, M.D. 8to. 

VoU. XXI. anrl XXII. rhil.iil. IS.IS. 
London and Edinburgh l'bilo«ophicai Magazine, from July to December 

18S8, and Janoarjr to Jvne 1899. 8vo. Ltmd. 18S8-S9. 
Mapazinc of Natural Hhton- (now sene«). rondtirtH by Edward Chaiks- 

worth, I .G.4>. \ ubi. 1. and 11. No*. '2.5 — 30. 8vo. Loi>d, 1839. 
Naturalist. Nos. 8— 12, 17— 19b SS. S6, 98 and 99: edited bjr NcnBe Weed. 

8vo. Loud. 1837-89. 
Repertory of Patent Inventions. Nos. 55—68. Svo. Ltmd, 1898-89^ 
The Anolytt: a Qu irtn ly Journal of Science, Litentun, Natnnl Hiiiaij» 

and the Fine Arts. No. XXV. 8vo. Loud, 1888. 
Tijditcbrift voor Natnnrlifke Gesdiiedenis en Phjnologie nitgegcven door 

.I.v.iii (In- Ilocvrii en W, H. de Vrii sre. \>A.\. Svu. Amitrnlain 1838-39. 
United Service Journal, and Naval and Military Magazine. Nus. 116 — 137. 

8vo^ Loud. 1888-89^ 
Literary Gazttti', frum June to December 189^ end Jeaneqr to iw» 1899. 

4IO. Limd, 1838-39. 
JUBINAL (A.) Rappott da ITnttraction pubUqne soivi de qnelqnea piieos hi- 

C'ditestir^e^ <lf's iii.iTiiiscrit'; dr la I?ihlinthi<]m' dc Berue. 8vo. /*am 18.18. 
KIDD (S.) Cuulo^'iiu ijf tlic C lujiLsc Librajy of the Ituyal Asiatic Soc-iuty. 

8vo. Loml. 18: IS. 

XOP$ (J.) «a H.\LL (H. C. van) Flora Batava. Nos. 114—117. 4t«. Am- 
«lmfiMilffi». 

KITPFFEH C A.T.) Obscn'ations M^tf'orologiqurs ct Magn(tiqnes &ilv 
dans I'Empire de Roaaio. Tome IL 4to. St. Peterdnmrg 1837. 

ReettcQ d'Obiamtioiis Magn^tiqnca fiutea i St. Petan* 

bonrg et sar d'antraa paimti de T^mpn de Riism. 4to. Si, jPumton^ 
18S7. 
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The Avther. 
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The Author. 



The Aether. 



L'Ecole des .VFuiei. 
The Editor. 
The Editor. 

The Editor. 

The Prafwietor. 



Tbe FranUhi Institute. 

The Editor. 

The Editor. 

the Editor. 

The Fkoprieton. 
The Editor. 

Tbe Editont. 

The Editor. 

The Editor. 

The Aathor. 

Tlie Author. 

TheKingoftheNetheHandsu 
The Author. 
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PuBsntT*. Donors. 

LACiERHJELM (P.) Tal om Hjrdnnlikens nBrvarandc tillstAnd. 8vo. ^Airil- The Swedish A cademj. 
Mm 1837. 

LAMING ( K.) Oa the Primary Fofcea of Eleetriei^. Svo. LomL 183& The Author. 

LAMONT (J.) Jahilrach dor Konig1i«hen Stmiwwte bei MuMben, fur The Author. 

1KS9. ISmo. Muncktn 18S8. 

LARKY (D. J.) Nouvdin reflexions »ur k maiii^c doot U nature proc^dc a Tlie Author. 

I'oedaiiav 00 i lo ciCHtrintion fiUet de l« tCte, »«ee perte dc mb* 

staiici' mix <:>ti dii Crane. Ko. Pan's ISf5S. 
LKA (I.) ObBt^vahtiOii uu tlib (ieitu^ I'liio. V'ul. II. 4to. PhiLuMpitiu 1838. The Autlior. 
LINK (II. 1'.) .Anatoroisch-Ikitanivche .Abbildungi>n zur Erluuteruiig der The Author. 

Gniadlehren dcr Krauterkuodc. 3 Pftrts. Folio. Berlin, (no ilate.) 
———— Elcnicnta PhHotophio: Dotonicoc. 2 Vol». 8vo. editio altera. — — 

Berolim 1837. 

LITTBOW (J. J. £. voo; AnaaleB der K. K. Steramute in WieR. VoL The Author. 

XVIIL FoKo. mm 18S8. 
LUBBOCK (J. W.) An ElenuMiian Trcalis* on fh. T;.!.-. 8vo. TMii<r. 1^39, Tb« Auflior. 
Uemorlu on the cUuHiiication of tUc ditfcrcnt brauclt(a of 

Honuui KBowledge. 8««. Lmi. 1898. 
MALAGOI.I DI RKGCIO rr,.) Mr-Mo faceTC^ ftfille, e aican per appmi- TbeAndMr. 

dere b<-no il canto. 8vo. Bologna 1854. 
MANTELL (G. A.) Tlie Womlm of GeobRT. 8id edit. 9 Tob. ISmo. ZtmL Hie Author. 

1839. 

.MAPS AND CHARTS. 

Oidntuee Sonwf of Giett Brildu, Sheet No. 78. The Marter Geaenl of ih* 

Ordnance. 

MAR$DEX(W.) AbrierMennirortlieLifhand Writings or, with Notes; Mra.MBraden. 

by Kliiiilx th W. Mutjsdcn. 4to. Loud. 1838. 
MILLER (W. H.) A Treatiw on Cr7rtBUogra{>by. 8vo. Cambridge 1839. The Author. 
MdRNER (A. G.) AnfauMbMal SfVer K. V. A. FkumUdue Ledamol FiQwrre The SwciUih Aeedengr. 

Lars A Manncrh» im. Svo. Sfnrihotm ISA?. 
MORREN (C.) Essais sur I liaCrogC-nie Dominante. 8vo. Liege 1838. The Author. 
Note mr I'Eflfet Psraiaeuz dn Duvet du FUtane. Sro. 

JPrtfinftw 

. . OlMfrvations Anatnmi(|uea sur la Congelatinn des Organes 1 

dee VCgAaux. 8vo. BnurOes 1838. 

— OheenratkuM Oit£oiogiquea our rAppaieil Coatel dm Ben*- 'i— ^— 
dene. 4«o. BrtueUet 18S6. 

. OlMpr%-ati<>n« sur T A iiutnniie et la FlijvQiogie do la fleur dn 

Ccreua Gnndiflorui. tim Bnuelles 1838. 

I— Mtealwpeayeerftraux ftogee BlogriphhpieedeeSawBrte 

ill la I^t'lpque. 7"* fasciculf. P^t). AiVV/c 183T. 

m Moiphologic dw Ascidics. Svo. Bruxrlk*. 

• - ReeherdMB Phyrialogiqae* sur lee Hydiophytea de la Bd* ' 

glqoe. 4to. Bnuelks 1838. 
Recherches sur le Mouvenifut vt t'Aiiatomie du Slylidium — .— 

Graminifolium. 4to. BrtuceUes 1858. 
MOREAU (C.)etSLOWACZ¥NSKI (A.) Statbtique G£n^. ISmo. TbeAuthon. 

Airw!888. 

MULDER (G. J.) on WENCKFIBACII ( W.) Natunr ca Sclieikundjf Ap- The Edilen. 

chief. PkrU I. and IL Sto. L^dtn 1838. 
MURCmSON (R. L) The SUvriaii ^fetca^ fbuaded on Geokg^ed The Avthor. 

scan lu^. Parte L and IL (wiilk a large lfa|i.) 4to. Lmd. 1899k 
MDCCCXXXIX. h 
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NAMIAS (G.) Cenni iattmw a 177. CdenMi cnnti JuXum 18S6. tvo. 

I'cnezia 1837. 

— Lettera all ProfeMor Giovanni Maria Z< if liiiiclli latonw 

Km«Ai}887- 

NASBfYTH (A.) Re«earchw on the DwdflpieMiti a>HitfWi» Phenw of 

«be TmUu 8v«. loud. 18S9. 
NEVILE (C.) A IMIni«e of lUcf M«nJ PbikMofAy, in unwier to the 01i« 

jcotions of Mr. Wicwtll and Proffssor Sodi^wu k. 12iiio. T.ond. Ivt39. 
NEWMAN (J.) Inatmctiom ueceasary to be attended to id luing NewmaD'a 
Standml «r Rntdik Mowrtaiii-BaraDntar. Svkk Loud, (no date.) 

lJE^^'P^lP/^ (G.) Olisrrvations on thf Aimldmy, Habits and Kr^noray of 
Athalia CeiittjoU<e, the Saw-fly of the Turnip, (a Prize Eaaaj'.) 8vo. Loftd. 
18S8. 

NEGRO (& dal.) Snpn \p PropnVti) dpi P. rimetri dd due McMlIi eottituentt 

gli Elementi Voltiaiii. ito. Padova \H$*s. 

ORSTED (H. C.) Tak over Ftaww Adin Wilhdn Kbveli. 8fo. X»' 

b<mham\93&. 

PASCH(G.E.) Anberittdte am Teehnolo^eitt Framsteg. SfO. AbdUohi 

1836. 

PASLEY (C. W.) OburvatioBa oa Liineii Caleueou Ceawata, Mortan, 
StnecxM and Cenerrte. Sva Land. I88& 

PERinHA (J.) Tt^f■ Elements of Materia Medici. Furt 1. Rvo. Tjmd. 1S.19. 
PETTIGKEW (T. J.) Medical PoitnH Cdlei)-. Biogiupbical Memoirs of the 

won MicbvMsd PhyiidMMi SntgMMt Aa> I fa ii 5 I8» 8fVa iMti. IttS-^Si 
PHILIP (A. P. W.) An Expoiimt ntal Inquiiy ilrio llie Lmm of the Vital 

Functions. 4th edit. 8vu. Loud. \ b39. 
PHILIPS (J.) A Guide to Geology. 2nd edit ISmo. Land. 1835. 
PHILLIPS (R.) A Tnnidatlon of the Pharmacopceia of the Rojal College of 

Physicians of Londoo, 1836. 8vo. Land. 1838. 
PICKERING (J.) EnksronlbthuidBowdiM^IJJD. 8vo. AMMiasa 

(tm capita.) 

PLATEAU (J.) M«moire nirnnwdiadon. 4«n. AvnOt 1838. 

PORTER (G. K.) Tlic Progress of tlif Nation, from the beginniiij^ of the 
nineteeotb centuiy to tbe preaeot time ScctioDs 3 and 4. 12mo. Lottd. 

P0UILL^:T ( .) Mimoir. siir la plialour solaire, siir \c* poiivolrs niyoti- 

MOta et abaorbanta de I'air atmoaphOriiitte, et sur la temperature de 

I'cqMMw 4to. /Wit 1898. 
QUETELET (A.) Annuaire de rOllMnwIolN 4e Bittxdlefc 5 «t 6^ mttot. 

IBroo. VruxeUcs 1838-39. 

— — Corn's pondance Matb^matiqoe «t Phjtiqua. Tone IL et 

I" Liv. de Tome III. 8vo. BnuxOa 1838. 
■ I De rinflucDce des saisons sur la mortality inx 



DOWOM. 

Tbe Aidior. 



duakBelgique. 4to. BruxtUa 1838. 

I — .- . ■ Mitfaralogie. 8to. BrwMt*. (Eitimit dee BuUetiof de 
Rojde de Bvaxellcs.) Svo. BmmOit. (no date.) 

— — M^tcorologie. ral)li aux Mtt^orologiques pour 18S8. 8vo. 
M^t^orologie. (From the BulktiB de 1' Acad, de BioaeUeh) 



8m AwmBh; 



TIm Author. 
The Author. 

The Author. 



The Entcmoli^jMsnl Socirly 
of London. 

The Author. 

Tho Author. 

The 8we&h Aewfeiny. 

Tbe Anthor. 

Tlu' Author. 
The Author. 
The Author. 
The Author. 

The Author. 
The Author. 

The Aeademj of Bga(«n. 

The Author. 
The Author. 



The Author. 



Notice sur Gerard Molt. (Extmit de I'Amiuibu de rAcu- 
d&Die Royalo de BnixeU«k) liimo. JBnuxUet 1839. 



Digitized by Google 



L n ] 



Presknts. 

QUBTELBT (A.) Nsto mr k Mfifrn6tiMxie Terrestre. 8vo. Brtuelle* 1838. 

' — Note iur les Etoiles Filantes du 12 Norembre 1838. 

(Extrait des Bulletins de rAcad6iiiie Royale d£ Bruxclles.) 8vo. Bru*- 

— Phjrriqve da Globe. Svo. BnuOu lasa 

• Kmppmi mr VfMt et lei tnvwu de rAeadimle Royale 

dm SeMneci et Belles Lettn^s Hnixcllcs. 8v(i. 

R£saiii£ des Obeer\-atioDS M^t&Hvkigiques faitcs en 1837. 



Donors. 
the Author. 



4to. Snatdbt. (ao date.) 
8w km tltaBm Fihatm 



da IS Noraabra 1838. Bvo. 

lintxeik* 1838. 

RANKIMB (J.) Kcmlit of Obsenratioiis made with WhcwcUs Aueuometer. 
(Frum the TraiuactiaiM of the Rogral Sode^ of Edinbai:^ VeL XIV.) 

4to. Edinb. 1839. 

READE (J. B.) OtMerrationii on Home new Organic Remeins in the FUat «f 

Cbalk. Svo. Land. 1838. (Fran the Anaeb of Nutwal Hisloiy.) 
REDHELD ( W. C) On the Coow of Huniewmt irith «)4m» of the Ty- 

fiHMit of the China Sen, and Other Slonoi. 8*0. iVhv iM 18S8* 
UECOUD COMMISSION. 
Stale Fapen pnUldied under the anthority of His Majesty's ComnlKlon. 

Vohl.— V. hwd. IS:K)-5G. 
KEID (Lteut'CoL W.) An Attempt to develop the Law of Storns. 8vo. 

vith folio AtbM. XoMt 18S8. 
REPORTS OF THE TrOT'SK OF COfMON'S. 
Statistical U» i»orti* on the Sickness, ^lortality, and Invaliding among the 

Troops in the United Ktflsdoni, the McdkaRaiMaa» aad Britiah Anarlea. 

Folio. jMtd. \ 

Statistical Report on the Sickness, Mortality, and Invaliding auioiig the 
i'ro'jps in the West ludie^i. Folio. Loud. 1838. 
RICHARDSON (.1.) Fatw* BoreaUpAmericaaa. (The Fishca.) 4to. LmL 
1896. 

KIGAUD (S. P.) Historical E«^ay on the fint PtahlimtioB of iiooe ilTaie* 

ion's Prineg^ 8vo. O^otd 183& 
RIVE (A. deb) Reeiierehee ear lea proptMcCa dea Caaoam Mi^aeto-Eke- 

triques. 4to. Gatett 1 837. (From the Hdmoina de k Social d'Ifirtom 

NatureUe de Geneve.) 
ROGBT (P. M.) ThaaliMe en Phjaiolegy and Fluaaoksy. S mla. IStaio. 

Edinb. 

Treatise on Pbrcnobgj. (From the Eucyclopsdia Briton- 

nica.) 4to. Edmh. isgft. 
SCHU.MAC IIRR (H. C) Aatraooaiiache Nadukhten. Xoa. 355-^377. 4t<». 

AUona 1838. 

'— ^ Jahrbuch fur 1838, mit Bcitriigen von Bcssel, Lca> 
paid, V. Bw!h, KtenptCi Moaer^ Oersted. Olbcf*, vod Sohoaw. Stoi. SMt' 
ffoft nod TBiti^ini 18S8. 

SCUDAMORK (Sir C) A L.-ttcr t<. Dr. Chamhcrs on w-viTal important 
points rdating to the nature and proper treatment of Gout. Svo. Loud. 
1889. 

Tlie Atialysis nnd Medical Plwpa rtk a Cf the Tcpfal 

Springs of Buxton. Srd ediu 8vo. Loud, IHSd. 

80LDNER (J.) Aatrooomisohe Beobaehtnagm aageateUt eof der K. Stem- 

d<»lML 410. MSttOm 18S8. 
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STANLEY IT..) The Ilunt^nan Oration, il. livcrcti in Um ThcKi* ol tlia 

Kuyal College of Suiseoiu, in 18.<M). Hvo. Land. 
STEVENS (R.) An Inqinmiiuuii in llw Btthalogr aod Tmlmeiit of SndU 

Svo. Afjm/. I8S8. 

.STKATFOHl) (\V. S.) Ei»Ucnieris of Enckc. Comet, 1839. 8vo, LmuL in^. 



SYXES (W. H.) 
(no «lat<!.) 



£«mL I8S6. 



(late.) 



AlMtnet of the Stitutks of DhUmih, I8S7-S8. 8«o. Lomi. 

Inscriptions from the Boodh Cavea, ncsr Joomir. 8tik ImkL 

Laud Tennras of Dukhuo. Bra. Lund. 18S6. 

On th« Gc«kf7 of % porrton of Dukhmt, Eaut IndiM. 4t». 

(From tin- Tr.lDs.lrtidii.'i nf ttn' G'M)li>i;ical Sorii ti .) 

On the Thice-faced Busts of Siva in the Cave Temples of 
nrBomlmr; and EllofB» near D«wtattl»d. Svo. Lomi. (on 



— — ^— — liemarks on tlie Idcntit)- of the Pornonal Omamcut» sculp- 
iaxtA OB MHiie fifnires in the Buddha Cave 1 Liri]il<-t at Carli, with thoM 
mira bj* the Briujari.4. ( From the Asiatic Society's TraoMCtionn.) 

Remarks on the Origin in the Upas, or Pouoii>tree of Java 



Bvo. Z«Mf. (no date.) 

Spocial Report on the Statiitict of th« Foot Coilectontea of 



Dokhnn nndflr die BrHoh Govemnent. fltm. tamd. 18S8. 
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